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GLOSSARY OF TERMS AND ACRONYMS

NAVSTAR Global Positioning System

Ionospheric model developed by R. Bent and used
in the prediction of transionospheric effects
such as group path delay.

Ionospheric model developed by Ching and Chiu of
Aercspace Corporation.

Ionospheric model developed by the US Air Force

That region of ionization which for purpose of
this report starts at 60 km and terminates in the
neighborhood of 800-1000 km.

Model for prediction of the maximum usable
frequen:; for skywave paths developed by Naval
Ocean Sstems Center (NOSC).

That region which resides above the ionosphere;
it is taken herein to have its base at about 800-
1000 km.

A model for prediction of HF Over-the-Horizon
Radar (OTH-R) coverage and other factors

Slant Total Electron Content; the eleciron con-
tent along the ray path: units are in electrons
Isquare meter.

Total Electyon Content; the number of electrons
in 2 vertical column throughout the ijonosphere
having a 1.0 square meter cross section at its
base,

v




IMPACT OF THE GEOPLASMA ON A SPACEBORNE GPS
RECEIVER SYSTEM — A PRELIMINARY STUDY

1.0 Background

The U.S. Air Force is considering factors pertaining to the placement of GPS
receivers on space platforms and has asked the Naval Research Laboratory
(specifically Code 8300) to investizuie the idea including the development of a
basic design architecture. One of the factors might well be the decision to
develop a suitable single-frequency receiver system which could provide the
necessary and essential positioning accuracies at reduced weight and complexity.
This would certainly be a desirable feature of the new receiver system
architecture.

The decision to use a single-frequency format should ultimately be based
upon whether or not it is concluded that the ionospheric component of ranging
(or range-rate) error is unimportant in the application being considered. To
achieve the best accuracies from the GPS system, it is known for the traditional
application in which the GPS receivers are located beneath the ionosphere (on
the surface of the earth or in close proximi:y within the sensible atmosphere)
that a two-frequency system is essential to remove the ionospheric component of
ranging error. For the new application in which the GPS recelvers may generally
be located above much of the electron content contained within the ionosphere or
protonosphere, the question of whether to use a single-frequency or a dual-
frequency system may have a different answer.

The Ionospheric Effects Branch (Code 4180) of the Space Sciences Division of
NRL was tasked by the Space Applications Branch (Code 8320) of the Space Systems
Technology Department of NRL to examine parameters of the problem and to
estimate the range of errors which might be introduced if a single-frequency
system were to be used.

2.0 Introduction

It is well-known that the ionosphere introduces an alteration in the radio-
cefractive index owing to the the presence of free electrons. The manifestation
of this property {s to introduce an excess time delay for signals which traverse
the jonosphere. Fortunately, this same tim: delay is a frequency-dependent
phenomenon; as a result it is possible to extract the ionospheric *error® term
through one of several methods which take advantage of this frequency
dependence.

Mamascript spptored Augrist B, 1984,




The GPS system uses two widely-spaced bands for ranging, so that the error
in time delay introduced by the ionospheric plasma may be eliminated in an
automatic fashion. Indeed, it is possible to make scientific measurements of the
total electron content (TEC) through comparison of the transmission delays
associated with the waveforms corresponding to the two frequencies --- suitably
normalized to account for the frequency dependence. There are other sources of
error in the GPS system which are not so easily removed but fortunately their
magnitudes are not so potentially large. It is noteworthy that the TEC may be
estimated through modelling, and this process allows single-frequency users of
GPS to obtain ranging data, albeit with degraded accuracy.

It has been suggested that GPS receivers could be located on space platforms
and thereby provide not only precise measurements of position through the two-
frequency method but also range rate through two-frequency differential carrier
phase measurements. If the measurements are sufficiently precise, then the
orientation and "rotation" rates of large platforms might be derived under the
presumption that the platforms are suitably leden with multiple dual-frequency
GPS receivers. While this is no doubt true, facrurs such as weight, complexity,
and cost constraints might necessitate the use of a single-frequency
methodology. The question then becomes, "Can a single-frequency GPS
spaceborne receiver provide for determination of platform orientation and
relevant dot products with sufficient accuracy, and what are the constraints

including: platform altitude, GPS constellation topology, geophysics, and so
on 7"

The purpose of this report is to outline some of the factors involved in
attempting to answer the questicen posed above, and to provide the sponsor with
some preliminary guidance in connection with a single-frequency solution. The

two major areas include estimates of group path delay error and measures of
refractive error.

2.0 Approach

Several generalized approaches have been suggested in the context of a
thorough treatment of the problem. In the long term we anticipate that rigorous
ray tracing approaches may he necessary for a consideration of possible paths
between the GPS space segments and the satellite platform GPS receiver(s). This
traatment will no doubt require (or an least strongly suggest) that we should
exploit the most current lonospheric isodel availabhle As a minimum, it is
anticipasted that quasi-rvectilinear propagation ¢, - -+ ; +7i1 he adequate but
that reasonable ionospheric models will Ve necesyitated. Indeed, it is :his
latter arvea whish was a dominant factor {a the involvement of NRL 4180 personnel
in the first place.

in the rear-term, the procedure to be followed for the purpose of providing
an Togder-pf-raghitude” result will fnvolve a simplification in both the
propagation and I{onospheric model specifications.




2.1 Group Path Delay Approach

The group-path-delay estimate will be deduced under the assumption of
rectilinear propagation through a median ionospheric model which is noted for
its simplicity...the so-called Ching-Chiu Model {Ching and Chiu, 1973, 1974; and
Chiu, 1975]. The slant total electron content (STEC), of fundamental importance
in the estimation of excess group-path-delay, is determined through integration
of the Ching-Chiu profile over paths of interest. We may solve for the excess
group-path-delay for arbitrary aspect angles from the GPS receiver and specified
components of ths GPS constellation. For the purposes of this note, we shall
restrict the calculations to a limited range of paths. The spirit of the effort
is to identify the postulated worst-case or at worst the "averxage® situation. We
shall take the satellite.borne GPS receiver to be situated at two specific
altitudes in this preliminary study: 100 and 1000 km. This pair of heights might
constitute the basis for estimation of the upper and lower limits of ionospheric
impact as far as the total electron content is concerned. Above an altitudc of
about 1000 km we are dealing with electron concentrations associated with a
tenuous region of the upper ionosphere called the protonosphere; the densities
in this region are quite small. (We are, of course, aware of the fact that the
protonospheric compenent of TEC may be substantial as a percentage of the total
during nocturnal periods.) Further, for the 100 km satellite height we will
initially specify the ray orientation in the local elevation plane in increments
of 5 degrees, starting with -5 and going to +10 degrees.

{1t turns out that -5 degrees corresponds to a beam
depression angle for which the ray path exhibits
its closest point of approach at 2n altitude of 60
kilometers above the earth. O0f course §0 km
gorresponds t9 the base of tha sensible
ionesphere, being the location of the lonospheric D
region. We note that for the 150 ke satellite, wo
only transit the full ionosphere once even though a
-5 degree elevation (or S Jegree depression) will
cor-espond to one pass trem 100 ka to the GPS
transmitter and two passes trom 100 ke to 60 ka.)

For the 1000 ke satellite, we start at -30 degrees and stop at 0
degrees, again in increments of 5 degrees.

{For 3 satefiite at 1000 kn, we ace above sost of the YEC
except that contiined within the protonasphere. thuys it the
GPS transeitters being explicited by the proposed sateliite
teceiver are above the local horizontal, there mill de a
linited asount of TEC to dea!l witlh.

That is the good news. On the other hand, if the situation
is such that satelfites must exploit GPS transmitters which
present signiticant beas depression angles, we denelrate
essentizliy the full ionosphere twice -- once going dowh ang
once going ud. Nituraltily, ray obiiquily ettects enter in
21s0. In ettect, the greatest slant TEC and the ionospheric




group path delay error occur over the path for which the
product of average eiectron population and the effective
ionospheric path length are maximized. The irony here is
that for the sateilite receiver located at about 1000 ka
and above, we have both a worst-case and a best-case
scenaria possible].

(In a more detalled analysis, the strategy for computation
would depend upcn the anticipated variation In the TEC along
adjacent ray paths in the elevation plane. For a GPS
recelver at 1000 km we would specify the elevation
resoiution to be 5 degrees in the zenith direction, allowing
this specification to apply from zenith until the local
horizontal Is reached; ttereafter we would specify the
resolution to be 1 degrer and terminate the caiculation at a
ray depression angle such that the path between the GPS
transaitter and space-dorne GPS receiver just ites tangent
to the earth’s surface. The depression angle at which
tropospheric contributions may be ignored would be flagged.
For a GPS receiver located at the base of the ionosphere,
the cosputation strategy would be different from that
indicated above. The elevation raesotution would be specified
to be 1 degres toward the zenith direction, and this valua
would be used for the ertire set of calcufations, with the
caiculations being restricted in the lower half plane. For
GPS receivers imbedded in the ionosphere, this iatter
procedure would be foilowed as welli.}

4N the azimuthal plane, we take azitwuths of 0, 60, 120, 180, 240, and 300
degrees to be representative, There is no apriori estimate of a worst-case
azimuth selection independent of a selection of satellite receiver coordinates.

The conditiors which were selected for this preliminary study are given in
*:hle 1.

2.2 Appreaches for Estimating Refractive Ervey

As in the approach for determination of the TEC and the corresponding group
path delay due to the fonesphere, we will use the Chiag-Chiu model for
refraction calculations. We shall use a wedge rofraction approximation in the
atalysis and will deduce the cumulative refractive error along the ray
trajectory by sustaing the incregmental refraction errors introduced by wuccessive
TEC “vedges® (or gradients). For the high frequency involved in the analysis, we
ave justified in assessing the TEC gradients over substantial step sizes. As a
first cut we take 100 kilometers as the step. and we deduce the gradient of TEC
over this dimeasion. Further, we take the gradient of TEC to be approximated by
the local derivative of TEC transverse to the ray path {and in the plane defined
by the initial ray trajectory and zenith). In other words we ignore horizontal
gradients in comparison te vertical gradients.




fThe forgcing assumptinn is a convenience at this juncture
but would be expected to be most plausible ir ray trajectory.
transits of features such as the day-night tersinator, the
Appteton anomaly, and the auroral zone are avoided. Even so,
"glevation™ errors typically dominate ~“aziauth"™ errors caused
by horizontal gradients.]

Again we will use the same conditions in the refractive (elevation) error
estimates as we indicated previously. (See Table 1.)
TABLE 1

PARAMETER SPECIFICATIONS

PARAMETER VARIATION SPECIFIED

SUNSPOT NUMBER: : 0, 200

DIURNAL: 0600, 1200, 1800, 0000 (LMT)

SEASONS: Vernal & Autumnal Equinoxes
Winter & Summer Solstices

ALTITUDE: 100, 1000 km

(satellite)

LONGITUDE: 90 degrees W

{satellite)

LATITUDE: 80N, 60N, 4ON, 20N, ©

(satellite) 208, 405, 605, 80S

GPS POSITION: Implicitly specified by:

ray zenith and azimuilhi angles

RADIO FREQUENCY: 1.0 GHz

3.0 Analysis Aspects
3.1 Ionospheric Madel

The Ching-Chiu model has been used for a number of applications in vhich
speed of operation is paramount and elegance requiretents (not to be confused
vith accuracy) may be suppressed. Appesdix A contains a listing of the model.
Code 418N has exploited the model for detersination of HY maximum usable
frequencies (MUF's) corrcoborate the output froz specfal purpose with




microcomputer models such as MINIMUF. Code 4180 has compared these results with
main-frame HF system performance models such as IONCAP with generally good
results except in the neighborhood of the day-night terminator. In view of our
experience with the Ching-Chiu model we have used it for near-term investigation
in the current contert. Follow-up treatment may involve integration of the
ionospheric sub-modei contained in RADARC or ICED. RADARC is a model which has
been Jeveloped explizitly for use in the solution of OTH radar problems; and
1CED is an Air Porce model which has just recently been developed and features a
considerable potential with cespect to update capability and in terms of its
efficacy at high latitudes (where other models are not adequate).

Figure 1 is a graph of the Ching-Chiu profile showing the contributing E, F1
and FZ layers.

It is well-known that the TEC is the prime indicator of group path delay for
earth-space paths and Klobuchar of AFGL has developed a number of region-
specific models. The "community” of those who make it a business to study TEC
and led by Klobuchar, has also exploited the so-called BENT model to achieve a
global representation of TEC as well as group-path-delay directly. For space-to-
space paths (and especially those that are a3t negative elevation angles) the
direct use of these models is not possible. However. for low orbitors and aon-
negative elevation angles we could nonetheless make comparisons for
completeness. This is not done in the present report.

We make note ip passing of the single-frequeney user ionospheric time delay
Algorithm developed by Klobuchar {1975). It is designed to correct for
approximately 50 2z of the delay error for GPS users ... this error being largely
ionospheric in nature. This algorithm has its best success at middle latitudes
but performs rather poorly in the near-equatorial zone owing to the simplicity
of coefficient representation in the model [Klobuchar, 1981). Insufficient data
has been obtained in the arctie enviroament to datermine its exact performance
in auroral and polar cap regions. The Klobucharz algoritha in its eperatisnal
form consists of four ceoef{icients to represeat the worldwide behavior ef the
‘average™ TEC. The actual behavior is much more complex than this ... especially
over the equatorial and high lacitude zones. The model is not intended to
correct for short-term variabllity in the T2, and in fact aoble attempls to
adapt the coefficients or update the solar activity values shich *drive® the
woddal have not met with much suc.ess.

Klobuchar et al [1987) have obtained TEC data for the first time 2t a polar
cap site located at Thule, Greenland using dual frequency tratismissions from
erhiting satellives rather than geosynchronous areas. Thess workers, who did
their study in 1884, found extremely large variabiliey in TET. Quasi-periodic
traing of enhancemont of the ardae of 10-7 slocteonsim? over petiods as sherl as
feni Binutes were observed. It was found that the absoluts values of TEC in the
darh polar cap, occavionally esceedod the divraal eidlatitude saxizmun valuer.
Thete i+ no TEC mdel currentiy avallable to h.ndle this behavior.
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3.2 Geometiry of the Problem

Estimates of group-path-delay for paths above the local horizontal are
limited on the upper side by results obtained in traditional earth-space
configurations, with the contribution between ground level and E layer height
($0km) being virtually zero.

This means that the excess group path delay exhibits only a small
tropospheric contribution between 0 and 90 km, after which the delay will begin
to grow with altitude.

Naturally, for near-zenith propagation, the space-to-space excess group path
delay due to the ionosphzre, will decrease monotonically with height. This
decrease will be modulated by structure which is encounter's over the path
between the receiver platform aad the GPS transmitter.

For negative elevation paths, we iind that there are two copportunities - ¢
the ionosphere to be penetrated on the same trajectory. An interesting carse
corresponds to a path linking a platform located just above the sensible
ionosphere (say at an altitude of 1000 km or so) to a GPS transmitter locatad
just above the limb of the earth. In this case, the excess group-path-delay due
to the ionosphere (and the tropusphere for that matter) will be on the order of
twice that expected for a conventional low elevation earth-space path. '

3.3 Sample °Back-of-the-Envelape® Calculations
3.3.1 Group-Path-Delay

Given the remarks i the previous sectien, it is possible for one to get a
first-order upper bound on the single-freguency excess group-path-delay with the
following assumptions:

a. Take the path te be such that the jenosphere is penerrated twice. (The
TEC to b used will be twive the maximum obsecved value for a single path).

b. Take the so-called *ebliquity factor® to be maximized. (The ratie of 5TEC
o TEC is taken equal to abour 3 a3 an absolute maximus -- admittedly a high
value. For a typical earth-space path, the tatic is on the cvder of 3 or se.)

. Tage the TEL value 20 be coxmensurate with the lacgest which has
generaily Leen obsecved. This would rormally eccur in the vicinity of the
eguatorial or Appleton anoemiiy, snd would be en the order of 100 “TEC units”
{Goniman and Mactin, 1988). where the standacd definition of a “TEC unit” is
Used:

I TEC Unit = 1035 electrons /el

Farthe mote this largest amcunt might arguably be antivipated * » orrur i the
mid-aiterneen fetfod a2t solar maximom and at afn epoch avay from the suncter
solst! e ... perhaps neatr eguinex.




d. Use the following expression to deduce the excess group
path delay error caused by the ionosphere (in nanosec):

T(nS] = 1.345 STEC £-2[GHz] (1)

where § is the obliquity or secant factor,
STEC is the slant TEC along the ray path,
measured in "TEC units",
and T{nS] and f£{GHz] are measured in nano
seconds and GigaHertz respectively.

{Aote that STEC stands for the slant TEC. It is also
true that STEC = TEC x “the obliquity factor, which is
termed S". Thus we have STEC = S(TEC) or STEC for
short. The values of STEC and TEC are usually given in
so-called “TET urits”, defined above.}

According to (1) above, the ionospheric delay at 1 GHz is 1.345 nS for every
"TEC unit" encountered along the ray path. Taking the above assumptions (i.e.,a-
d) into account, we have T = 1340 nS for an upper bound at 1 GHz for a
postulated worst case scenario. Typical ionospheric errors would be much less
than this ... perhaps in the range between a few nS and several hundred n$S
depending upon the satellite orbit, ray path geometry, ionospheric condition,
and so on. Only under unusual circumstances would one expect the error to be
much more than the estimated upper bound of about 1340 nS. A two-frequency
system could naturally rewmove this ionospheric error. (However, even a two-

frequency system would have to deal with twice the normally-encountered
tropospaeric delay.)

3.3.2 Refractive (Elevation) Error

It is well known that trahsverse gradients in electron content can produce
radiowave bending given by the following formula ([Goodman. 1976):

E(s) = Kf-2 d_f[ N(s)ds) (2
dx
where s is measured alung the ray trajectory,
x is transverse to the ray path,
f i{s the radiofrrquency (Hz)
K = 40.5 with MKS units being employed.
E is expressed in radians
N is in electrons/cubic meter

Taking the integral j.N(s) ds = STEC(s), we
have the expression:




E{mR] (s) = 0.405f-2 [GHz] d/dx STEC(s) (3)

where x is in units of kilometers,

STEC is in TEC units,

E[mR]) and f[GHz] are expressed in milliradians
and GigaHertz units respectively.

Taking the TEC transverse gradient to be 1 TEC unit per km, we can obtain an
order of magnitude estimate for the angular refraction E. This specified
gradient is likely a reasonable guess for an upper limit. Taking it, the wedge
refraction becomes roughly 0.4 milliradian at 1 GHz. Thus we look for numbers of
this order or less.

3.4 Calculations

As indicated in section 3.1, a listing of the Ching-Chiu model is provided in
Appendix A. Codes have also been developed for exploiting this medel in
connection with the parameters outlined in section 3.3. These codes are also
provided in Appendix A. They include by name:

1. Program GPSTST
S tbroutine CHNCHU

3. Subroutine BEGIN
4, Subroutine MAGFLD
5. Subroutine MON1
6. Program GPS-FAST
7. Subroutine DATAIN
8. Subroutine START
9, Subroutine MFIELD
10. Subroutine ELDENS

These programs and subroutines have been written in FORTRAN 77 by C. Myers.

Appendix B contains a compilation of selected computer runs which show the
group path delay which would be introduced for the conditions indicated in Table
1. The TEC values which correspond to the delays are also provided. A perusal of
the data sets would appear to bear out the assertion made in the previous
section that 1340 n§ is a wors® case situation. It is noteworthy that the
canenical frequency for celculation purposes is 1.0 GHz. Transformation to a
specific GPS frequency msy be obtained by multiplization of rhe result by

£-2{GHz)

to obzain the proper result. The so.called L1 and L2 carvier frequencies on GPS
are 1.575 and 1.227 GHz respectively. Thus, for the GPS case we would multiply
the group-path-delay results in the tables by 0.493 and 0.664 respectively.
Llearly the tabular resuvlts are pessimistic (i.e., higher values).

Appendix C contains a compi.ation of output from computer runs which are

consistent with those selected in Appendix B. The program GPS-FAST (termed
FASTTRACE in the Appendix captions) yields the DELAY (x5), the refraction ANGLE
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(mR), and the transverse DISTANCE (meters) as a function of azimuth (clockwise
from North) and ELEVation angle (positive upward). Again we take the canonical
frequency to be 1.0 GHz.

The ANGLE and DISTANCE results are quite naturally dependent upon the
distance of traversal along the ray path. Only the ultimate values following ray
exit from the ionosphere are presented in Appendix C. Clearly there is
variaoility of each parameter. In Table 2 is an example calculation showing how
DELAY, ANGLE, and (transverse) DISTANCE vary with RANGE along the path. Notice
that the ultimate "exited" value is smaller than the maximum value which is sean
to occur (in this example) at a range of 4,400 km.

4.0 Discussion
4.3 Group-Puth-Delay

It is demonstrated by the data sets associated with the climatological
Ching-Chiu Model of TEC that significant group path delay errors may be
introduced if the satellite-borne GPS single-frequency receivers are located
near the base of the ionosphere (i.e., 100 km). This would be expected owing to
the fact that all of the TEC will be penetrated, similar to an earth.space path.
It is also shown that ray zenith angle plays & key role inasmuch as it
determines the amount of slant electron content or STEC that iy involved. For a
satellite near the base of the ionosphere, the STEC is more or less &
monitonically increasing function of ray zenith angle although there is a
moderate decrease in STEC for ray depression below the horizontal. The initial
value of TEC (at a zenith angle of 0 degrees, or an elevation of 90 degrees), is
generally the smallest value that may be encountered, everything else being
taken equal.

For a satellite located near the top of the sensible ijonosphere (i.e., 1000
km), the STEC is a monotonically increasing function of ray zenith angle over
much of the full range of possible vaiues. Jowever the STEC is relatively slight
near zenith and remains nearly so as the zenith angle is increased to 30
degreas. Marked increases in TEC are observed as the rzy paths dip below the
horizontal. Ray depiession angles down to about 30 degrees or so (i.e., zenith
angle of 120 degrees) are possible without intersectinre the spherical surface
corresponding to the troposphere (at 60 km over the surface of cthe sarth). For
depresaion angles corresponding to paths which just barely tcuch the F2 pesk
twice (once going down and once going up), the STEC is approximately maximized.
For paths corresponding to the maximur allowable depression angle (highest
zenith angle also), the STEC will begin to moderate. This may seem surprising
since the lower ionospheric TEC comes into play in this case as well as the
topside TEC. The reison for this purely geometrical anomaly is because the
effective obliquity factor *5$* in STEC overcompensates for the decrease in the
TEC itself.

In short we find that low orbitors will experience a relatively moderate

variation in STEC over the full range of zay zenith argles ... almost like
earth-space propagation. For the case where the satellite is near the top of the
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TABLE 2

SATELLITE: 40.N 90.W 1000 KM ALT
DATE-TIME: 07/01/87 1200 HOURS
HEADING : 180 DEGREES

SUN SPOT NUMBER: 200

RANGE KILOMETERS

DELAY NANOSECONDS

ANGLE" MILLIRADIANS

DISTANCE METERS
RANGE DELAY ANGLE DISTANCE RANGE DELAY ANGLE DISTANCE
100. 0.00 0.000 0.000 4100. 94.78 -0.677 -6.770
200. 0.00 0.000 0.000 4200. 114.38 -0.737 -7.367
300, 0.00 0.000 0.000 4300. 136.69 -0.761 -7.608
400. 0.00 n,000 0.000 4400. 159.96 -0.753 -7.52%
500. u.00 0.000 0.000 4500. 182.44 -0.719 -7.198
600. v.00 0.000 0.000 4600. 202.61 -0.672 -6.720
70C. 0.01 0.000 0.000 4700. 219.54 -0.621 -6.207
800. 0.01 J.000 0.001 4800, 232.92 «0,.574 -5.73%
900. N, 05 0.000 0.001 4900. 242.93 -0.535 -5.348
1000. 0.05 0.o00" 0.002? 5000. 250.07 -0.503 -5.349
1100. 0.10 0.000 G.00S 3100. 254.97 «0.484 «4.0838
1200, 0.¢0 0.001 0.009 5200. 258.20 -0.470 -4.698
1300. 6.37 J.002 ¢.C17 5300. 260.26 «0.460 -4.60)
1400. 0.20 0.003 0.032 SAGO., 261.54 «0.455 <& .348
15C0. 1.26 0.006 0.035: 3500, 2€2.31 -0.451 -4.8510
1600, 2.20 0.009 0.095 3600. 262.76 «0.469 -4.490
1700, 3.69 c.015 0.148 $700. 263.02 «0.448 -4,478
18900, 5.90 J3.022 0.2'6 3800. 263.16 «0.647 -h 472
1900, 8.97 0.029 0.285 3900. 263.24 «0.441 0,068
2000, 12.94 0.034 0.336 6000. 263,28 -3.447 -4, 468
2100, 17.65 0.034 0.3.8 6100, 26:.30 -0.447 -4, 088
2200, 212.3) 0.026 0.256 $§200. 2631.21 «0.446 4,408
2300, 27.94 0.006 0.064 630¢C, 263 32 =0.446 o4, 004
2600, 32.56 -C.023 -J,231 6400, ¢63.32 =0.448 -h. 084
23500, 36.133 -0.058 -0.535 6300, 263.32 =0.446 b 004
2600. 35.21 -0.094 «0.935 5600. 263.32 =0.4'% <&, 004
21700, 61.34 -0.123 -1.233 6700. 263.32 ~0.046 <4468
2300. 42.95 -0 14€ -1.646C 6800, 263.32 -0.046 =4, 464
2900. 44,25 «0.182 -1.624 §900. 263.32 «0.446 -4.064
3000. - 45.39 “0.u74 «1.744 7000. 263.32 -0.458 NI
1150, 46.4% <0.18% -1.839

3200. 47.49 -0.192 -1.929 e *
3300. 48.5% -0.203 «2.033 NOTE: This -able gives the ionospheric
3400. 49.70 -0.217 -2.174 group-path-delay as a function of renge
3%00. $1.08 «0.239 «2.390 for a frequency of 1.5 GH: and beam
2600. 52.94 «0.273 22,727 depression angle of 25° (i.e., elevation
3700. 55.79 «0.324 o 244 angle of -25°). The distarce is the
3800. 6C.4) «.298 -3.978 departure perpendicular to the nominal
3%00. 67.86 -0.490 -4.900 rectilincar path.
4006. 79.15 -0.58¢ -5.8%2
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ionosphere, we find a sharp variation in STEC with probably 902 or more
encountered between zenith angles of 90 degrees and 120 degrees.

For satellites which are located at 1000 km or above and which can access

GPS at elevations above the horizontal, the STEC is that which is encountered
between the 1000 km surface and the height of the GPS. This is roughly the
protonospheric value times the obliquity factor. A rough measure of the
protonospheric value may be taker. to be up to about 402 of the TEC during
periods of time when the "ionospheric® TEC (from 100 to 1000 km) is
smallest.

(Note: We have heretofore spoken of the STEC as the

number of electrons between the satellite and the GPS

transaitter, and the TEC as the equivalent amount in an

effective vertical slice corresponding to the same path.

In fact we may break up the TEC Into two terss

converientiy: one term is that which corresponds to the

region below 1000 km which Is legitimately the

*ionospheric” TEC, and the second term which

corresponds ts tha region above 1000 ka and iIs

legitimately the “protonospheric” TEC. Since most of

the TEC (and STEC for that matter) is located below 1000

km (especiaily during the daytime), we sometimes refer

to the TEC as simpiy the lonospheric TEC even though the

following relation is true In general:

TEC = ITEC + PTEC

uwhere |ITEC = lonospheric TEC and,
PTEC =« Pr.otonospherlic TEC

We shall taclitly assume that the protonospheric content
is roughly a constant function of local time. Kilobuchar,
Soicher, and others have shown that the protonospheric
content Is 20 to 40 X of the lonospheric coentent during
nocturnal hours. We sShatl take 40X of the so-calied OC
tera in the Kiobuchar time-delay model as a crude
estimate of the protonospheric value for these purposes.
The OC term is siaply the ssaltlest Irreducadbie amount of
group path delay which is observed for a zenithai path.)

This smallest value is essentially the DC term in the Klobuchar time delay model
which we would now multiply by the factor 0.40 (noting that the Klobuchar model
tesults are ruckoned in nanosecond units rather than TEC). An estimate of the DC
term at 1.6 GHz in Klobuchar's model is found to range between 5 and 15 n$ for
high solar activity conditions with the largest vaiues occurring in the
equatorial zone. For purposes here, we may regard the increase in delay (and
STEC) due to the ohliquity factor as compensated for by the decrease in delay
due to the 402 factor. Thus we are talking about excess TEC-rejated group path
delay errors of about 15 nS at worst for a frequency of 1.6 GHz if the satellite
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is orbiting at an altitude of 1000 km and accessing assets of the GPS
constellation which are above the local horizontal., For low solar activity, and
for satellite paths away from the equatorial zone, we will encounter only a few
nS for the same conditions.

For satellites orbiting in the range between 100 and 1000 km, the situation
will range between that observed at the two extremes.

4.2 Refractive Error

As far as refractive error is concerned, we find - - as expected - - that
the ionuspherically-induced bending at 1.0 GHz is quite small. Again the largest
values are introduced within a narrow range of zenith angles for the case of a
super-ionospheric satellite. The compilation of results is given in Appendix C.

The refractive effects are determined to be quite sensitive to the
distribution of electrons along the ray path. We note that the error may exhibit
one or more "extrema" along the path but may "relax” to another value as the
path becomes extended and exits the ionospheric plasma. The ultimate value is of
most importance for the situation we are analyzing in this report.

Bending errors of the order of 1 milliradian might arise in a number of
geometric and climatological conditions. However these instances are expected to
be quite rare. This is surely the case at the higher GPS frequencies of
nominally 1.2 and 1.6 GHz.

5.0 Other Issues

Aside from TEC, the other major “ionospheric effect" is that arising from
ionospheric inhomogeneities. The *worst case® conditions at L band would be
expected to be observed over the equatorial sector following sunset and near
solar maximum conditions. The worst case scenario was observed in a test
conducted #t Ascension Island in 1981 ... a time of extraordinary solar
activity. According to Klobuchar {1981) conditions are unlikely zo be much worse
than those observed during that period.

Equatorial scintillation does not appear to be elevation dependent; at times
three¢ or more GPS downlinks experienced Rayleigh fading simultaneously. Some
doppler cycle carrier slipping was observed aad phase lock could not always be
maintained during strong scintillation periods [See Klobuchar, 1981]).

6.0 Preliminary Conclusions

The question of whether a single-frequency system will be satisfactory in
the current context has been examined in this report. This context is that of
placing one or a set of single-frequency GPS receivers on a satellite structure
to allow for determination of satellite position and perhaps other factors
such as orientation, etc.
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As expected, at frequencies in the neighborhood of 1 GHz the absolute
magnitude of single-frequency group-path-delay introduced by the ionosphere is
much smaller than normally encountered in the VHF band. Likewise the amount of
ionospheric refraction is a small number owing to the inverse square dependence
of the effect with frequency. Naturally the effects at the nominal GPS
frequencies are diminished even more. All of this was anticipated. The question
was rather ..." is the anticipated single-frequency error small enough to allow
for the deployment of a single-frequency system in space ; i.e., one which does
not require substantial dynamic compensation ?*.

For a restricted set of “look angles”, errors in absolute range due to the
ionosphere may be substantial for satellites (i.e., GPS receivers) which orbit
above the sensible ionosphere (referred to as superionospheric satellites), but
the importance of this error is diminished significantly if the accessed GPS
{transmitting) satellites are located above the local horizontal. In this latter
case, absolute errors of a few to about 15 nS might be expected for a wide range
of "look angles"” corresponding to "upward-looking"® GPS receivers.

Again, for superionospheric satellites, there may be substantial excess
group path delay errors for large zenith angles as suggested in the paragraph
above. These errors are concentrated for paths below the horizontal (i.e.:
zenith angle between 90 and 120 degrees). In these cases the errors may be up
to 1340 nS at 1 GH2 or about 523 nS at 1.6 GHz. That is the bad news! The good
news is that avoidance of these large ecrors may be easily achieved through

acress of satellites in the GPS constellation which present “"look angles®” above
the local horizontal.

For subionospheric satellites (i.e.; satellites orbiting at 100 km or so),
the TEC errors are not too dissimilar from those which would be expectel in
typical earth-space paths. It is noteworthy however that the varjation in this
error is not as concentrated at the large ray zenith angles as it is in the
superionospheric case. It is noteworthy that the TEC-induced errors for this
subionospheric case cannot be largely avoided by carveful selection cf GPS
(transmitter) assets. They can be minimized however by asccessing only those GPS
assets which present "lecok angles® within some prescribed corridor around
local zenith. This corridor depends upon climatological conditions and the
geographical location of the satellite receiving platform.

It is well recognized that full corrections fur group path delay error
cannot be made using statistical models however elegant. This includes the
Ching-Chiu model, RADARC, ICED, or the Klobuchar (or BENT) models to name a few.
A major difficulty is that models cannot cope with the omnipresent short-term
ionospheric variability. Compensation of about 50 has been reported, but that
is optimistic at times. This situation is why two-frequency ionospheric
compensation is employed. Haturally if the fonospheric error is not too
important a factor, but we still wish to limit it to a degree, a model may be

used for this purpose. This is common practice for single-frequency terrestrial
users of the GPS systen.
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Concerning :he issue of models in the present case of spaceborne utilization
of GPS, there are indeed be geometrical situations such that sufficient
precision may be achieved in the single frequency context. These are most
apparent in the case of superionospheric (receiver) systems where we can simply
limit the accessed GPS (transmitter) systems to those well above the local
horizontal. However, it is not anticipated that subionospheric systems can use
the single-frequency system even if a model is used to limit the ultimate error
magnitude. Nevertheless, if the satellite (receiver) system is imbedded in the
icnospheve, the answer is different. Indeed, if the satellite is well above the
peak of the F2 layer ionization, modelling begins to have a great deal more of
charm as far as success in compensation is c::-erned. The ionosphere consists of
roughly twice as many electrons above the F2 peak as below, and at about 100 km
over the F2 peak altitude some 501 of the TEC has been encountered. Finally the
variability of ionization is maximized near the F2 peak and drops markedly above
the peak. Thus, for satellites located at (or above) 500 km altitude or so (the
F2 peak being nominally 300 km in altitude), we expect the encountered TEC as
well as its variability to be diminished. As a consequence of this, it must be
said that modelling may indeed have a role to play. Unfortunately there is no
verified model for the rituation being examined. One could imagine such a model
however.

As far as platform orientation determination is concerned, multiple single-
frequency systems should serve the needs adequately. This is because, fur all
multiple paths from the satellite to a particular GPS satellite, the TEC will be
essentially the same; the difference in path length is in essence only the free
space difference. This means we can orient ourselves in 3D (with three
receivers) with respect to a given GPS satellite. This orientation solution may
be carried out for all GPS satellites which may be accessed. If we know where
the GPS satellites are, we should have an excellent consistency check on
orientation.

Another effect investigated was the issue of refractive error. As expected,
the bending of the vay trajectory is slight at the frequencies involved.
Nevertheless, we should observe deviations from rectilinear propsgation of the
order of a milliradian under some conditions. This observation would be expected
to be maximized for high zenith angles where the vertical gradient of the

encountered TEC is itself maximized. Generally, however, the effect is much less
than this.

The following thought is left for consideration by the designer of a set of
GPS receivers distributed on a single platform.

Use one 2.trequenty GPS receiver to resolve the TEC-
induced error ftor sefected satetlites in the consteliation.
Perhaps this should be at the center of the plattora. Use
tighter single-fraguency receivers everywhers else¢.. . with the
idghospheric compensation passed frcm the centraiized (notl

necessary to be central ... just convenicnt) 2-trequency GP3S
set .
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Alternatively, one could locate an L1 receiver at the
center of mass of the satellite and locate L2 recelvers
everywhere else. This would solve the TEC-ambiguity problen
1f the technique were realizable.

7.0 Future Proposed Plans

We would propose that further consideration be given to this topic or
related ones.

The next logical step is to examine the single-frequency group path delay
errors for actual paths. This is a simple procedure given access to the GPS
constellation ephemeris data sets. In this way one could deduce the likelihood
of pathological ray trajectories. We would still use quasi-rectilinear
propagation through tlhie Ching-Chiu model for this phase. For ccmpleteness, a
comparison with the Klobuchar model would be made for those cases where a
comparison is logical.

, In the area of refractive error, one would like to incorporate 1-d ray
tracing as opposed to the simulated 2-d ray tracing based upon the wedge
refraction principle which was applied herein. This would be done in several
phases, starting first with the exploitation of the Ching-Chiu model, but
ultimately being directed toward the use of other more sophisticated models such
as ICED, the International Refersnce Ionosphere (IRI) ,or those contained in
either IONCAP or RADARC. Certain strides in this area have already been
completed in the context of another program.

Another area which should be addressed is that of providing for TEC
compensation through updating the Klobuchar (or similar) algorithm with live
data. This may be attractive in certain instances. It is remarked that the
Klobuchar algorithm must be modified for the case of the spaceborne geometry. In
other words, a new model must be developed. The new model would include the
novel features of an *ionospherically-imbedded® as well as a superionospheric
setellite.
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APPENDIX A

COMPUTER CODE LISTINGS

PROGRAM GPSTST

SUBROUTINE CHNCRU
SUBPOUTINE BEGIN
SUBROUTINE “AGFLD
SUBROUTINE MON1

PROGRAM GPS_FAST
SUBROUTIME DATAIN
SUBROUTIME START
SUBRGUTINE MFIELD
SUSROUTINE ELDENS

O 0 N M N E W M)

o
o
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PROGRAM GPSTST

c
C THIS 1S THE MAIN RCUTINE FOR THE GPS TEST.
c
COMMON /CGM/ AZIM,XLAT ALON,XHT,HUR,DAY,TIM,XPN
DIMENSION ANG(10), TEC(10)
DATA D2R/0.01745329/
c
OPEN (UNIT«10,FILE='GPUT', TYPE='NEW®)
c

500 TYPE 100
100 FORMAT (S5X, *SATELLITE LAT. & LON. (DEG.) = *,§)
ACCEPT 110, RLAY, RLON
110 FORMAT (2F10.0)
XLAT = RLAT * D2R
IF (RLON .LT. 0.) THEN
RLON = RLON + 360.
END IF
XLON = RLON * D2R
TYPE 120
120 FORMAT (15X, *ALTITUDE (KM) = °*.§)
ACCEPT 110, XHT
TYPE 130
130 FORMAT (5X, *ENTER DATE (MM,DD,YYYY) = °*,§)
ACCEPT 140, MO,IDA,IYR
140 FIORMAT (312)
IF (IYR .LT. 1900) THEN
IYR = IYR + 1900
END IF
TIM = FLOAT (IYR)
IF (MO .GY. 3) THEN
TAD » (M0 [ 2) - 2
ELSE
1AD = @
b IF
DAY = FLOAT ((MO - 1)* 30 * 1DA ¢ IAD)
TYPE 1%0
150 FORMAT (35X, °LOCAL TIME OF DAY (0000 - 2400) = *.§)
ACCEPT 160, R, FHR
160 FORMAT (2F2.0)
HUR = HR « FHR [ 80.
TYPE 189
180 FORHAT (35X, *SUNSPOT WUMBER « °.§)
ACCEPT 110, XPN
IF (RPN .GT. 19.) THER
XPH =« XPN | 00.
END IF
CALL MON)1 (RLAT,WLOM XHT.M0,I0A,IYR, HBX, FUR, XPN)

¢
BIK = 0.
D) %10 KRel. ¢
AZIN = QIR * D2R
c
CALL CENONU {ANG,.TEC.X)
CALL MON2 (BIM, AKG.YEC.K)
<

SIH = BIM + &0.
Si¢ CONTINUE

STCH
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SUBROUTINE CHNCHU (ARG, TEC,K)

THIS ROUTINE CALCULATES THE TOTAL ELECTRON CONTENT (TEC) ALONG A GIVEN
PATH FROM A SATELLITE AND IS SCALED BY 10 *+ 11 ELECTRONS PER CUBIC METER.
THE EQUATIONS FOR THIS MODEL WERE OBTAINED FROM THE ARTICLE IN THE
JOURNAL OF ATMOS. & TERRES. PHYSICS (1973) BY B X CHING & Y T CHIU AND
ERRATA SHEET IN SAME JOURNAL (1974).

ORIGINAL PROGRAM C G MYERS CODE 7900 NRL 1976
REVISED C G MYERS BENDIX FOR CODE 4180 NRL 1987

FARAMETERS
XLAT = SATELLITE LATITUDE (¢ = N)

XLON = LONGITUDE (+ = E)

XHT = ALTITUDE (i)

HUR = LOCAL TIME (0 - 24 HR)

DAY = DAY OF THE YEAR

TIM = YEAR

XPN = SUN SPOT NUMBER SCALED BY 100 (0 - 2)
TEC = TOTAL ELECTRON CONTENT FOR GIVEN PATH
HGT = MIP ALTITUDE

XEQ = SIN PATH INCIDENCE ANGLE AT MIP

XCl = SIN ANGLE BETWEEN SATELLITE AND MIP RADIUS VECTORS
COLYI = COS MIP CO-LATITUDE

EMR = MIP LONGITUDE

EMT = MIP LATITUDE

HR = MIP LOCAL TIME (RADIANS)

DY = MIP DAY (MONTHS FRCM 1S5 DEC.)

el N e it e e e e e e K e e M M e M s e s el e S e M 2 I 2

COMMON /CGM/ AZIM.XLAT,XLON XHT.HUR.DAY,TIM XPN
COMMON /MF/ TG(100).TH(100)
COMMON /PS/ PI(7).XPC(8).DDY’

¢

DIMENSION ANG(10).TEC{10}
c

DATA CN/7.953E-4/ RD/6378.27 DFAJL.OE-71 . XPJ2.413)39/
c

CAZ = COS (AZIM)

XAZ = SIN (ATINM)

CRT = COS (KLAT)

BT = SIN {XLAT)

CALL BEGIN (DV,DX.KOR)
c
c

XGT « XNT o &D
DANG = . ACOSD ((RD « 350.)/ XCT}
DANG «» MINT (DARG [ 3.)° 3.
DANG @ DANG * 0.01745329
3]
DO VMILE (DANG .LT. 0.17%)
XDKS « SIN (DAMNG)
COKG = COS (Dass)
BRG o .5,
EGT « 0.
KesKasl
ABG(K} = DANC
TEC(K} = 0.
D0 WNILE (MGY LY. 2001}
NG = ENG ¢ 10.
EAR » JOT @ XOU » @80 © 05NC = 3.0 * XGT * AMG * XDXG
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Ce
Cy

(2 2N B a3 4 3

HGT = SQRT (EAR)

ACR = RD / HGT

XRQ = XGT ¢ CDNG / HGT

CRQ = SQRT (1.- XRQ * XRQ)

XCl = RNG * CDNG / HGT

CCl = SQRT (1.- XC1 * XCl)

HGT = HGT - RD

COLI = CC1 * XRT + XC1 * CRT ¢ CAZ
XOLI « SQRT (1.- COLI * COLI) + 1.E-8
EMT = ASIN (COLI)

IF (ABS (XAZ) .LE. 0.02) THEN
IF (XCl1 .LZ. CRT) THEN
DLON = 0.
ELSE
DLON = PI{1l)
END IF
ELSE
DLON o ASIN (XCl * XAZ / XOLI)
END IF

EMN = AMOD ((XL-N + DLON)}, PI(2))
DY = LV .
HR = HOR + JLON
IF (HR .LT. 0.) THEN
HR = HR « PI(2)
DY = DY - DOY
ELSE IF (PI(2) .LT. HR) THEN
HR = HR - PFX(2)
DY = DY + DDY
EXD IF
CHR ~ COS (HR)
XHR = SIN HR)

CALL MAGFLD (ACR, EXON.COLI.XOLI.EML)
ILH = SIN (BQ)
XiM2 = XLM ¢ XM
M« COS (BQ)
AlM = A3S (B.)

AXD = SOLAK DECLIMATION ANGLE
IF (DY .NE. DX) THEM
X « DY
XXD = 0.39793 * SIN (PL(6) * (DX -~ 2.170)))
AXD = ASIN {XXD)
CXD » COS (AXDy
EXD 3P
2TA ASD CAD » SEASONAL AMOMALIES
STA » XXD ¢ xiLM
CAD « CO5 (EM0 » AXD ¢ CHK)
LEY = Co5 SOLAR ZENITH ANGLE
CKI = COLY * XXD - XOLI * CaD » O
WG « SQRY (ARS ORI}
WD & SICH (WD.CKD) - 1.
VT = XOLY . COS (EMT » AXD » CNAI
t LAVER CALLS
E LAVER o O ABCVE 330 1N

JEA = £ LAYER FROFILE FUNLTICN
ENA - ELECTRON BINSITY




EAR - (HGT -~ 110.) /[ 10.0
ZEA = EYP (0.5 * (1. - EAR - EXP (-TAR))) * 1.36
IF (DFA .LE. ZEA) THEN
EN/: = ZEA * XPC(3) * EXP (0.4 * WT) * EXP (2. * WD)
ELSE
ENA=Q.
END IF

N C ZEB = F1 LAYER PROFILE FUNCTION
C ENB = ELECTRON DENSITY
EAR = (HGT - 180.) / 34.0
ZEB = EXP (0.5 * (1. - EAR - EXP (-EAR))) * 2.44
IF(DFA .LE. ZEB) THEN
ENB = ZEB * XPC(4) * EXP (0.25 * WT) * EXP (XPC(7) * WD)
ELSE
ENB = 0
END IF

CHECK FOR F2 LAYER CALCS F2 LAYER DENSITY = O BELOW 120 KM
CALC F2 LAYER PROFILE FUNCTION ZED
EAR = HR - ALM * 4.5
P3 = 240.- 30.% COS (EAR)+ (75. + 83, * ZTA * CLM)* XPN
IF (P3 .LT. HGT) THEN
EAR = P3
ELSE
EAR = HGT
END IF
H3 = 20.0 + 0.1 * EAR
EAR = (HGT - P3) / H3
ZEC = EXP (1.0 - EAR - EXP (-EAR))
C V3 = POLAR FUNCTION
C F3 = FOLDING FUNCTION
IF(DFA .LE. ZEC) THEN
CAR = HR - 0.87266
V3 = EXP (CAB) ¥ (2.+ XPN + 0.5 % COS (CAR))
IF (PI(3) .LE. ALMj THEN
ENC = V3 + 2EC
ELSE _
EAR = (SIN (PI(3) - ALM) * 2.92) *v6
F3 = EXP (- EAR)
Vi =Vl *F3
F3 = 1.0 - F3
C S3 = SOLAR CYCLE FUNCTION
IF(1.1 .LT. XPN) THEN
$3 = XPC(S)
ELSE
S3 = Z.41 + 1.53 ¢ XLM2 % (XPC(5) - 2.4))
END IF
C D3 = DIURNAL FUNCTION :
EAR = (COS (0.5 * CAR)) *% 2
. D3 = EXP (-2.2 * EAR)
GAR = (COS (HR + PI(4))) *¢ 2
D3 = (0.9 + 0.32 % 2TA) * (1. « 2TA * GAR) * D)
LATITUDINAL FUNCTION
‘ EAR = COS (0.5 * EML v~ (XHR - 1.))
EL = EXP (3. ¢ EAR) * (0.7 + (.5 ¢ XLM2)
C T3 = ANNUAL FUNCTION
T3 = EXP ((CLM - CAB) * XPC(6)) * 0.7
- EAR = COS (PI(S) * (DY - 4.3068)) ¢ XPC(2)
T3 = T3 ¢ (L. + 0.178 ¢ EAR | S§))

[eNeNe!

(@]
t1
[
[ ]
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C Y3 = PART OF T3

Y3 = 0.2 * COS (PI(6) * (DY - 1.))

Y3 = (1. + 0.6 * COS (PI(S) v (DY - 3.9432))) * Y3

Y3 = (1. - SIN (ALM - PI(6))) * Y3

Y3 = (0.13 - 0.06 * SIN (ALM - PI(7))) * COS (PI(5) *

1 (DY - 4.4504)) + Y3
EAR = 1.0 - CHR
IF (EAR .EQ. 0.) THEN
T3 « T3 + Y3 [/ 83
ELSE
DAR = (CLM * CXD - XLM * XXD) ** 3
XBR = ABS (XLM)
T3 = T3 + (Y3 -(0.15 + 0.3 » XBR)* DAR * SQRT
2 (SQRT(EAR)))/ S3
END IF
C E3 = EQUATORIAL ANCMALY FUNCTION
C G3 = PART OF E3
EAR = (COS (HR - 4.009%) + 1.0) * 0.25
G3 = EXP (EAR) * XPC(8) + 1.0
EAR = CLM » CLM
CAR = EAR ** &
EAR = CAR * EAR
F3 = (1. - 0.4 * EAR)* (1. + 0.6 * EAR ¥ GAR) * CAR * G3
EAR = (COS (ALM - 0.2618)) *+ 12
E3 = EAR * E3
C ENC = F2 LAYER ELECTRON DENSITY
ENC = ZEC * (V3 + F3 » S3 » D3 ¢ EL, *+ T3 v E3) * 0.66
END IF
ELSE
ENC = 0
END IF

C SUM DENSITIES AND CALC CONTENT PER SQUARE METER
EAR = ENA + ENB + ENC
IF (EAR .LT. DFA) THEN
IF (HKGT .GT. 1001.) THEN
HGT = HG¢ + 2000.
END IF '
ELSE
TEC(K) = EAR « TEC(K)
. END IF
Cwe -CALL MON6 (HGT,EAR,RNG)
END DO _
DANG = DANS + 0.08726645
END DO
RETURN
END
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SUBROUTINE BEGIN (DV,DX,HOR)

COMMON /CGM/ AZIM,XLAT,XLON,XHT,HUR,[CAY,TIM,XPN
COMMON /MF/ TG(100),TH(100)
COMMON /PS/ PI(7),XPC(8),DDY

DIMENSION H(100).G(100),HT(100),GT(100),SMT(100),FAR(4)
. DATA XR2/1.41421356/, SMT(1)/1.0/, XPC(1)}/-S./

THIS SUBROUTINE SETS UP THE MAGNETIC FIELD ARRAYS AND
CALCULATES THE SUN SPOT NUMBER AND PI FUNCTIONS

[eNeNsNe]

IF (SMT(l) .GT. 0.) THEN
DDY = 0.0328767
C CALC (PI/N) CONSTANTS
PI(1) = 3.14159265
PI{2) PI(1) * 2.
PI(3) = PI(1)
PI(4) PI(3)
PI(S) = PI(1)
PI(6) = PI(S)
PI(7) = PI(S)
C CALC FILTER ARRAY
SMT(1) = -1.0
DO 200 N = 2,10
SMT(N) = SMT(N-1) * FLOAT (2 * N - 3) | FLOAT (N- 1)
DO 200 M = 2.N
K= (M -1) *10 « N
EAR = SQRT (FLOAT (N - M + 1) / FLOAT (N + M - 2}))
SHT(K) = SMT(K-10) * EAR
IF (M .EQ. 2) SMT(K) = SMT(K) * XR2
200 CONTINUE
OPEN(UNIT=13,FILE="LEMAG" ,TYPE='OLD")
C READ IN MAGNETIC FIELD DATA TZR = DATE OF DATA
READ (13, 210) T2R

"
ocoocoo

—— . e e
w ot W NN

210 FORMAT (2X,F8.0)

TLST = TR
220 READ (13, 230.END=240) N, M, (FAR(I),I1 = 1, &)
230 FORMAT (213,4F7.0)

C CHECK FOR END OF DATA
Kwm (M-1) *10 N
EAR = SHT(K)

G(K) = FAR(l) * EAR
H{K) = FAR(2) ¢ EAR
GT(K) = PAR(3) * EAR
HT(K) = PAR(4) © FAR
GO0 T0 220

260 CLOSE (1))

END IF
. C CHECK IF NEW MAGNETIC FIELD DATA NEEDED. IF $O. DO CALCS

TNEW « TIM o (DAY - 15.}/ 388.
IF (TNEW .NE. TLST) THENM
T « THEW - TIR
. DO 250 H e 2.9
DO 250 M = 1N
Ko (M<1)9*10 N
TGIK) « GIK) » CT(K) * T
TH(K) o H(K) o HT(X) * ¢
250 CORTINUE




TLST = TNEW

END

IF

C CONVERT DAY AND HOUR TO PROPER FORM
DX = ¢
DV = (DAY + 16.0) * DDY
IF (DV .EQ. 0.) DX = PI(6)
HOR = HUR * PI(6) * 0.5
C CALC SUNSPOT NUMBER FUNCTIONS
IF (XPN .NE. XPC(1)) THEN
XPC(1) = XPN
IF (XPN .EQ. 0.) THEN

XPC(2) = 0.
XpPC(6) = 1.3
XPC(3) = 1.0
XPC(4) = 1.0
XPC(S) = 1.0
XPC(7) = 1.0
XPC(8) = 1.0
ELSE
XPC(2) = XPN * XPN
XPC(3) = SQRT (1.0 + 1.15 * XPN)
XPC(4) = SQRT (((0.2S * XPN) + 1.24) * XPN + 1.0)
XPC(S) = ((((0.05 * XPN) + 0.204) * XPN) + 1.) * XPN + 1.0
XPC(6) = ((0.069 * XPN) + 0.139) » XPC(2) + 1.3
XPC(7) = LOG (1.0 + 30.0 % XPN) * 0.5 + 1.0
XPC(8) = 1.0 + 0.2 * XPN + SQRT (XPN) * 0.6
END IP
END IF
RETURN
END
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SUBROUTINE MAGFLD(AOR,EMN,COLI, XOLI,EML)

THIS SUBROUTINE CALCULATES THE MAGNTEIC LATITUDE OF A LOCATION.

OO0

COMMON /MF/ TG(100),TH(100)
COMMON /PS/ PI(7),XPC(8),DDY

DIMENSION P(200),DP{100),5P(10),CP(10)
DATA CN/7.95SE-4/, P(L)/1./, CP(1)/1.]

CLEAR MAG FIELD VECTORS
GME = 0.
GMN = 0.
GMV = 0.

o0

MAGNETIC FIELD CALCS
CP(2) = COS (EMN)
SP(2) = SIN (EMN)
DO 121 K = 3,10
SP(K) = SP(2) * CP(K-1) + CP(2) ¥ SP(K-1)
CP(K) = CP(2) * CP(K-1) - SP(2) * SP(K-1)
121 CONTINUE
AR = AQOR * AOR
DO 129 N = 2,7
AR = AOR * AR
DO 129 M = 1 N
C CALC ARRAY INDEX
Kw (M-1) 10+ N
IF (M .EQ. N) THEN
DP(K) = XOLI ¢ DP(K-1l) + COLI * P(K-1l)
P(K) = XOLI + P(K-1l)
ELSE
P(K) = COLI * P(K-1)
DP(K) = COLI ¢ DP(K-1) - XOLI * P(K-1l)
IF (K .EQ. 3) P(3) = P{3) - 0.33233330)
END IF
127 PAR = P(K) * AR
EAR = TG(K) * CP(M) + TH(K) * SP(M)
C NORTH MAGNETIC VECTOR
GMN = GMN - EAR ¢ DP(K) * AR
IF (4 .EQ. 2 .OR. M .EQ. 3) THEN
C EAST MAGNETIC VECTOR
GME = GME - (TG(K) * SP(M) - TH(K) * CP(M)) * PAR
1 * FLOAT (M - 1)
END 1P
128 IF (N .EQ. 2 .OR. N .EQ. 3) THEN
C VERTICAL MAGNETIC VECTOR
GHV = GMV + EAR * PAR * FLOAT (M) .
END IF
139 CONTINUE
CME = GME ¢ CN / XOLI
. M"G'Q"CN
GMV = GHV ¢ CN
C MAGHETIC VECTOR AT MIP
GMT » SQRT (GMV * GMV « GMN ¢ GMN o GHE * GHE)
. C CALC HMAGNETIC LATITUDE
EAR = GHV | GH?
IF (EAR .EQ. 0.) THEM
ML = 0.
ELSE
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IF (EAR .LT. 1.) THEN
EML = ATAN (TAN (ASIN (EAR)) * 0.5)
ELSE
EML = SIGN (PI(3),EAR)
END IF
END IF
RETURN
END




SUBROUTINE MON1 (RLT,RLN,XHT,MO,IDA,IYR,HR,FHR,XPN)

THIS SUBROUTINE DOES THE PRINTING FOR GPSTST.

[¢s X e N <] (2]

XPA = XPH * 100,
IY = I¥YR - 1900
IR = NINT (HR)
. IFR = NINT (FHR)
WRITE (10,100) RLT,RLN,XHT
100 FORMAT (5X, *SATELLITE POSITION'//SX,°'LAT °*,F6.2,5X,
| 'LON *,F7.2,5X,'ALT *,F5.0,' XM')
WRITE (10,200) MO,IDA,IY,IR,IFR
200 FORMAT (5X,°DATE AND TIME °,2(I2.2,°/'),12,3X,212.2,' HRS')
ZPN = XPN * 100.
WRITE (10,300) 2PN
300 FORMAT (5X, *SUNSPOT NUMBER IS *,F5.0)
ERD

SUBROUTINE MON2 (B2ZM,ANG,TEC,K)

DIMENSION ANG(10),TEC(10)

(¢ (2] a0n

WRITE (10,100) B2M
160 FORMAT (//10X, *HORZ ANG',SX,'TEC',10X, *NSEC',6X,'AZIM = °*,F5.0/)
DO 200 WN=1.K
TOT » TEC(N) * 0.1
DEL = TOT * 1.34
DIP = ANG(N) [/ 0.01743
WRITE (10,120) DIP,TOT,DEL

120 FORMAT (12X,F4.0,2F12.1)
200 CONTINUE
END
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Cr

PROGRAM GPS_FAST
Ce
C* THIS ROUTINE COMPUTES THE PATH DELAY AND RAY DEFLECTION BETWEEN TWO
C* SATELLITES. THE DELAY IS IN NANOSECONDS AND THE DEFLECTION IS IN
C* MILLIRADIANS AND METERS.
Cw
C* WRITTEN FEBRUARY 1988 BY C G MYERS, BENDIX FIELD ENGINEERING, FOR
C* NAVAL RESEARCH LABORTORY CODE 4180

C*
COMMON /EDP/ COLI,DY,EML,EMT,HGT,HR,TEC,XOLI
COMMON /DI/ IDY,IFHR,IHR,IYR,MO,XHT,XLAT,XLON
COMMON /ST/ DAY,DV,HOR,HUR, TIM,XPN
COMMON [MP/ TG(100),TH(100)
COMMON /PS/ PI(7),XPC(8),DDY
Cw
CHARACTER*2S OPUT
C*
DATA  D2R/0.01745329/ ! DEGREES TO RADIANS
DATA  FRQ/1.0/ ! FREQUENCY (GHZ)
DATA  RD/6378.2/ ! EARTH RADIUS (KM)
DATA  STEP/10./ | RANGE STEP (KM)
DATA OPUT/'USD1:{MYERS.RONB]GFST.OUT*/ 1| OUTPUT FILE
Cr
OPEN (UNIT=10,FILE=OPUT,TYPE='NEW®)
WRITE (10,100) ! WRITE HEADER
100 Fom‘r (Ax‘ R 2122122222222 2222 2232232222223 X2 12 B4 Iéx'
1 e GPS TEST  FAST TRACE . Jex,
2 **  CHING-CHIU IONOSPHERIC MODEL  *'/¢X,
3 AR 2222223 X23 2322222222 X222 22222222 222 B I ,)
C'
CALL DATAIN ! GET INPUT DATA
Ce
IF (XPN .GT. 20) THEN ! SUNSPOT NUMBER
YPN = XPN
XPN = XPN / 100.
ELSE
YPN = XPN * 100.
END IF
Ce

WRITE (10,110) XLAT,XLON,XHT,MO,IDY,IYR.IHR,IFHR,YPN
110 FORMAT (¥X,"SATELLITE: ", F6.0,F6.0,F8.0," XM ALT*/

1 RVOAVELTIME: *.25.2,2(°/°.%2.2),6X,.212.2, " HOURS®/
) S), ‘FXEQUENCY: 1.0 GIGAHERTZ"/
4 1X, ‘SUNSPOT NUMBER:' . F1.0/1)

VRITE (10,130)
230 FORMAT (3X, AZIM'.5X,'ELEV* . 6X, DELAY"® . 6X, "ANGLE",«X, *DISTANCE'/

1 4X,°DEG* .6X, "DEG*,6X, "HSECS',6X, *MRADS" ,&X,* HETERS'/)
Ce

FSQ » FRQ * FRQ

RLAT = XLAT ¢ D2K ! SATELLITE LATITUDE

CRT « COS (RLAT)

XRET = SIN (RLAT)

RLON = XLON * D2R ! SATELLITE LONGITUDE

XGT = XUT o RD ! RADIUS VECTOR
Ce

CALL START
Ce

DO 500 KAel.,§
B2N = 60. * FLOAT (KA - i) t GPS DIRECTION
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AZIM = BZM * D2R
XAZ = SIN (AZIM)
CAZ = COS (AZIM)

cv
IF (XHT .LT. 200) THEN ! SATELLITE ALTITUDE
DANG = -10. ! ELEVATION ANGLE
ELSE
DANG = -33.
END IF

DO 400 KD=1,4
DANG = DANG + S.
EAR = DANG *+ D2R
. XDNG = SIN (EAR)
CDNG = COS (EAR)

cw
DLY = 0.
SEP = 0.
SHT = 0.
RNG = 0.
HGT = 0.
Ce
DO WHILE (HGT .LT. 1300.)
NG = RNG + STEP ! DIST FROM SATELLITE
EAR = XGT * XGT + RNG * RNG + 2.0 * XGT * RNG * XDNG
HGT = SQRT (EAR) ! MIP RADIUS VECTOR

AOR = RD / HGT
XRQ = XGT * CDNG / HG?
Ce CRQ = SQRT (1.- XRQ * XRQ)
XCl = RNG * CDNG / HG?
CCl = SQRT (1.- XCl ¢ XCl)
HGT = HGT - RD ! PATH ALTITUDE
COLZ = CC1l * XRT + XCl ® CRT * CA2
XOLI « SQRT (1.- COLI ¢ COLI) ¢+ l.E-8
EMT = ASIN (COLIL) 1 MIP LATITUDE
C'
IF (ABS (XAZ) .LE. 0.0}) THEN
IPF (XCl .LT. CRT) THEN
DLON = 0.
ELSE
DLON = PI(})
END 1IF
ELSE
DLON = ASIN (XCl * XAZ / XOLI) 1 DELTA LONGITUDE
END 1P
Ce
BN = AMOD ((RLON « DLON),PI(2)) | MIP LONGITUDE
DY » DV t DAY OF YEAR (RAD)
HR « HOR + DLOM _ 1 TIKE OF DAY (RAD)
IF (MR .LT. O0.) THEN
bR = HR o PI(2)
' DY = DY -~ DDY
* ) ELSE IF (PL(2) .LTY. HR) THEN
4R = MR - PI(2)
DY « DY < DY
END IF
(:c
Ce GET RID VALUE
CALL MFIELD (AOK,EXOM) § GET MAGNETIC FIELD
CALL ELDENS GET ELECTROM DENSITY
IMID = TEC I DERSITY OM PATH

K]




Ccr
C* GO UP 100 METERS
HGT = HGT + 0.10
AUR = B2 /(RD + HGT)
CALL MFIELD (AUR,EMN)
CALL ELDENS
TUPP = TEC ! DENSITY ABOVE PATH
cr
C* TRY DOWN
HGT = HGT - 0.20
AUR = RD /(RD + HGT)
CALL MFIELD (AUR,EMN)
CALL ELDENS
TDWN = TEC ! DENSITY BELOW PATH
C*
DLY
EAR
SEP
SHT
END DO

DLY + 0.134 * TMID / FSQ | SUM PATH DELAY
2.02SE-2 *(TDWN - TUPP)* XRQ * STEP / FsQ

SEP + EAR ! SU( DEFLECTION DEGREES
SHT + EAR * STEP t METERS

[ IR I B |

Ce
IF (KD .EQ. 1) THEN ! WRITE ANSWERS
WKITE 10,200) BZi,DANG,DLY,SEP,SHT
200 FORMAT (F7.0,F9.0,F11.2,2F11.3}
ELSE
WRITE (10,210) DANG,DLY,SEP,SHT
210 FORMAT (7X,F9.0.FP11.2,2F11.3)
END 1IF
400 CONTINUE
Ce
WRITE (10,450)
450 FORMAT (/)
500 CONTINUE
C*
END
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Cw
Cw
(04,4
(o4 4
C»
(o} 4
c»

cw»

C»

100

Ce

Ce

Ce

110

130

Ce

PROGRAM GPS_FAST

THIS ROUTINE COMPUTES THE PATH DELAY AND RAY DEFLECTION BETWEEN TWO
SATELLITES. THE DELAY IS IN NANOSECONDS AND THE DEFLECTION IS IN
MILLIRADIANS AND METERS.

WRITTEN FEBRUARY 1988 BY C G MYERS, BENDIX FIELD ENGINEERING, FOR
NAVAL RESEARCH LABORTORY CODE 4180

COMMON /EDP/ COLI,DY,EML,EMT,HGT,HR, TEC,XOLI
COMMON /DI/ 1IDY,IFHR,IHR,IYR,MO,XHT,XLAT,XLON
COMMON /ST/ DAY,DV,HOR,HUR,TIM, XPN

COMMON /MF/ TG(100),TH(100)

COMMON /PS/ PI(7),XPC(8),DDY

CHARACTER*25 OPUT

DATA D2R/0.81745329/ ! DEGREES TO RADIANS
DATA FRQ/1.0/ ! PREQUENCY (GHZ)
DATA RD/6378.2/ ! EARTH RADIUS (KM)
DATA STEP/10./ ! RANGE STEP (KM)

DATA OPUT;'USDY: (MYERS.RONB)GFST.OUT'/ ! OUTPUT PILE

OPEN (UNIT=10,FILE=Qr'UT,TYPE="NEW"')

WRITE (10,1060) ! WRITE HEADER
FORMAT (4X, ttovesesescsnstesssnotretstensrodsne’ (X,
1 i GPS TEST FAST TRACE ' JaX,
2 **  CHIKG-CHIU ICNOSPHERIC MODEL  *'/4X,
3 T T e L L T Ty I D)
CALL DATAIN ! GET INPUT DATA
IF (XPN .GT. 20) THEN ! SUNSPOT NUMBER
YPN = XPN
XPN = XPN / 100.
ELSE
YPN = XPN v 100.
END IF

WRITE (10,110) XLAT,XLON,.XHT,HO,IDY,IYR,IHR, IFHR,YPN
FGRMAT (3X, "SATELLITE:',F6.0.F6.0,F8.0,' KM ALT"/

b} X, ‘DATE-TIME:*,15.2,2('/".12.2),64,212.2," ROURS*/
3 SX, ‘FREQUENCY: 1.0 GIGAHERYZ*/
4 SX, *SUNSPOT NUMBER:* . F7.0/1)

 WRITE (10,130)
FORMAT (23X, “AZIM’',5X, "ELEV* ,6X, 'DELAY®,.6X, 'ANGLE', 4X, "BISTANCE"/
1 AX, "DEG", 6K, *DEG* ,6X, “NSECS® ,6X, "HRADS* ,4X, * METERS'/)

FSQ = FRQ ¢ FRQ

RLAT = XLAT ¢ D2R I SATELLITE LATITUDE

CRT = COS (RLAT)

XRT = SIN (ALAT)

RLON = RLON ¢ D2R ! SATELLITE LONCITUDE

XGT « XHT « 2D RADIUS VECTOR

-

CALL STAL?

DO 500 Ka=1,6

BIK = 60. * PLCAT (KA - 1) GPS DIRECTION




AZIM = BZM * D2R
XAZ « SIN (A2IM)
CAZ = COS (AZIM)

IF (XHT .LT. 200) THEN
DANG = -10.

ELSE
DANG = -35,

END IF

DO 400 KD=1,4

DANG = DANG + S.

EAR = DANG * DZR

XDNG = SIN (EAR)

CDNG = COS (EAR)

DLY =
SEP =
SHY =
RNG =
HGT « 0.

DO WHILE (HGT .LT. 1500.)
BNG = RNG + STEP

! SATELLITE ALTITUDE
! ELEVATION ANGLE

! DIST FROM SATELLITE

EAR = XGT ® XGT + RNG * RNG + 2.0 * XGT * RNG * XDNG

HGT = SQRT (EAR)

AOR = BRD / HGT

XRQ = XGT * CDNG / HGT

CRQ ~ SQRT (1.- XRQ * XRQ)

XCl = RNG * CDNG / HGT

CCl = SQRT (1.- XCi * XCl)

HGT = HGT - RD

COLY = CC1 * XRT + XC1 ¥ CRT * CAZ
XOLI = SQRT (1.- COLI * COLY) + 1.E-8
EMT = ASIN (COLI)

IF (ABS (XAZ) .LE. 0.01) THEN
IF (XCl .LT. CRT) THEM
PLON = 0.
ELSE
DLON =« PI(1)
END IF
ELSE
DLON « ASIN (XC1 * XA2 / XOLI)
END 1P '

BN » AMOD ((BLON « BLON),P1(2))
DY « DV
HR o HOR « DLOM
IFP (HR .LT. 0.) THEH
HR « HR o PI(2)
DY = DY . DOY
ELSE IF (PI(2) .LY. dR) THEN
HR « ¥R - PI(2)
0¥ = DY + DDY
TND 1IF
»
C* SET MID vaLux
CALL MFIELD (AOK,EXN)
CALL ELDEKS
TMID = TEC

! MIP RADIUS VECTOR
! PATH ALTITUDE

| MIP LATITUDE

! DELTA LONGITUDE

MIP LORGITUDE

t
1 DAY OF YEAR (RAD)
t

TIKE OF DAY (RAD)

f GET MAGKNETIC FIELD
! GET ELECTRON DENSITY
! DENSITY 0N PATH



(4 4

C* GO UP 100 METERS

HGT = HGT + 0.10
AUR = RD /(RD + HGT)
CALL MFIELD (AUR.EMN)

CALL ELDENS
TUPP = TEC | DENSITY ABOVE PATH
cv
C* TRY DOWNM
HGT = HGT - 0.20
AUR = RD /(RD + HGT)
CALL MFIELD (AUR,EMN)
CALL ELDENS
TDWN = TEC 1 DENSITY BELOW PATH
C*
DLY = DLY + 0.134 * TMID / FSQ I SUM PATH DELAY
EAR = 2.025E-2 *(TDWN - TUPP)* XRQ * STEP / FSQ
SEP = SEP + EAR ! S DEFLECTION DEGREES
SHT = SHT + EAR * STEP 1 HETERS
END DO
c*
IF (KD .EQ. 1) THEN ! WRITE ANSWERS
WRITE (19,200) B2M,DANG,DLY,SEP.SHY
200 FORMAT (F7.0,F9.0,F11.2,2F11.3)
ELSE
WRITE (10,219) DANG,DLY,SEP,SHT
210 FORMAT (7X,F9.0,F11.2,2F11.3)
END IF
400 "CONTINUE
Ce
WRITE (10,430)
430 FORMAT (/)
500 CONTINUE
ce

END




C»
(04 4
Ce
Cs
Ce
Ce
Cr

C*

110

140

SUBROUTINE DATAIN

THIS SUBROUTINE READS THE COMMAND FILE TO OBTAIN SATELLITE POSITION AND
ALTITUDE, DATE AND TIME, AND SUNSPOT NUMBER.

WRITTEN PEBRUARY 1988 C. G. MYERS BENDIX FIELD ENGINEERING FOR NAVAL
RESEARCH LABORATORY CODE 4180.

COMMON /DI/ IDY,IFHR, IHR,IYR,MO,XHT,XLAT,XLON
COMMON /ST/ DAY,DV,BOR,HUR,TIM,XPN

ACCEPT 110, XLAT, XLON ! GET SATELLITE POSITION
FORMAT (2F10.0)

IF (XLON .LT. 0.) THEN
XLON = XLON + 360.
END IF
ACCEPT 110, XHT
ACCEPT 140, MO,IDY,IYR ! GET CATE
FORMAT (313)
IF (IYR .GT. 100) THEN
I¥R = IYR - 1900
END IF
TIM = FLOAT (IYR) + 1900.
IF (MO .GT. S) THEN
IAD = (MO | 2) - 2
ELSE
IAD = 0
END IF
DAY = FLOAT ((MO - 1)* 30 + IDY + IAD)
ACCEPY 150, IHR, IFHR ! GET TIME
FORMAT (212)
HUR = FLOAT (IHR) + FLOAT (IFHR)/ 60.
ACCEPT 110, XPN ! GET SUNSPOT NUMBER

RETURN
- END



C*
SUBROUTINZ START
C* .
C* THIS SUBROUTINE SETS UP THE MAGNETIC FIELD ARRAYS AND
C* CALCULATES THE SUN SPOT NUMBER AND PI FUNCTIONS
C*
C* WRITTEN 272?17 .
C* MODT®IED FEBRUARY 1988 C. G. MYERS BENDIX FIELD ENGINEERING FOR NAVAL
C* RECEARCH LABORATORY CODE 4180.

. C*
COMMON ST/ DAY,DV,HOR,HUR, TIM,XPN
COMMON /MF/ TG(100),TH(100)
COMMON /PS/ PI(7),XPC(8),DDY
- CcH
DIMENSION H(100),G(100),HT(100),GT(100),SMT(100),FAR(4)
DATA XR2/1.41421356/, SMT(1}/1.0/, XPC(1)/-5./
C¥

IF (SMT(1) .GT. 0.) THEN
DDY = 0.0328767
C* CALC (PI/N) CONSTANTS

PI(l) = 3.14159265 { PI
PI(2) = PI(l) * 2.0 1 2 P
PI(3) = PI(1) / 2.0 1 PI | 2
PI(4) = PI(3) [/ 2.0 1 PI /] &
PI(S) = PI(1) / 3.0 t PI [/ 3
PI(6) = PI(5) / 2.0 1 PI /| 6
PI(7) = PI(5) /| 3.0 1PT /9

C* CALC FILTER ARRAY
SML(1) = -1.0
DO 200 N = 2,10
SMT(N) = SMT(N-1) * FLOAT (2 * N - 3) / FLOAT (N- 1)
DO 200 M = 2,N
K= (M-1) *10 + N
EAR = SQRT (FLOAT (N - M + 1) / FLOAT (N + ¥ - 2))
SMT(K) = SMT(K-10) * EAR
IF (M .EQ. 2) SMT(K) = SMT(K) * XR2
200 CONTINUE
OPEN/UNIT=13,FILE='LEMAG',TYPE="'OLD")
C* READ IN MAGNETIC FIELD DATA TZR = DATE OF DATA
READ (13, 210) TZR

210 FORMAT (2X,F8.0)

TLST = T2R
220 READ (13, 230,END=240) K, M, (FAR(I),I =1, &)
230 FORMAT (213,4F7.0)

O% CHECK FOR END 'OF DATA
Cm (M-1) %10 +N
EAR = SMT(K)

G(K) = FAR(l) * EAR
H(K) = PAR(2) * EAR
GT(K) = FAR(3} * EAR
HT(K) = FAR(4) * EAR
v GO TO 220
240 CLOSE (13)
END IZ

C* CHECK IF NEW MAGNETIC FIELD DATA NEEDED, IF SO, DO CALCS
TNEW = TIM + (DAY -15.)/ 363,
IF (TNEW .NE. TLST) THEN
T = INEW - TZR
DO 250 N = 2,9
DO 250 M= L,N
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K= (M=-1) » 10 + N
TG(K) = G(K) + GT(K) * T
TH(K} = H(K) + HT(K) * 1
250 CONTINUE
END IF
C* CONVERT DAY AND HOUR TO PRGPER FORM
DV = (DAY + 16.0) * DDY
HOR = HUR * PI(6) * 0.5
C* CALL SUNSPOT NUMBER FUNCTIONS
IF (XPN .NE. XPC(1l)) THEN

XPC(1l) = XPN ! SUNSPOT NUMBER

IF (XPN .EQ. 0.) THEN
XPC(2) = 9.
XPC(5) = 1.3
XPC(3) = 1.0
XPC(4) = 1.0
XPC(5) = 1.0
XPC(7) = 1.0
XBC(8) = 1.0

ELSE
XPC(2) = XPN * XPN
XPC(3) = SQRT (1.0 + 1.15 * XPN)
XPC(4) = SQRT (((9.25 * XPN} + 1.24) * XPN + 1.0)
XPC(S) = ((((0.05 * XPN) + 0.204) * XPN) + 1.) * XP¥ + 1.0
XPC(6) = ((0.069 * XPM) + 0.139) * XPC(2) + 1.3
XPC(7) = LOG (1.0 + 30.0 * XFN) * 0.5 + 1.v
XPC(8) = 1.0 + 0.2 * XPN + SQRT (XPN) * 0.6

END IF¥

END IF
C*
RETURN

END
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Cw
SUBROUTINE MFIELD (AOR,EMN)
c*
C* THIS SUBROUTINE CALCULATES THE MAGNTEIC LATITUDE OF A LOCATION,
c*
COMMON /EDP/ COLI,DY,EML,EMT,HGT,HR,TEC,XOLI
COMMON /MF/ 7G(100),TH(100)
COMMON /PS/ PI(7),XPC(8),DDY

c*
DIMENSION P(100),DP(200),SP(10),CP(10)
DATA CN/7.955E-4/, P(1)/1./, CB(1)/1./, SP(1)/0./
C*
C* CLEAR MAG FIELD VECTORS
GME = Q. ! MAGNETIC VECTOR EAST
GMN = 0. ! NORTH
GMV = 0. $ VERTICAL
Ce '

C* MAGNETIC FIELD CALCS
CP(2) = COS (EMN)
SP(2) = SIN (EMN)
DO 121 K = 3,10
SP(K) = SP(2) * CP(K-1) + CP(2) * SP(K-1)
~ CP(K) = CP(2) * CP(K-1) - SP(2) ¥ SP(K-1)
121 CONTINUE
AR = AOR * AOR
DO 129 N = 2,7
AR = AGR ¥ AR
DO 129 M = 1K
C* CALC ARRAY INDEX
K= (M-1) *#10+ N
IF (M-.EQ. N) THEN
DP(K) = XOLI * DP(K-11) + COLI * P(x-n)
P(K) = XOLI * P(K-11)
ELSE
P(K) = COLI * P(EK-1) ‘
DP(K) = COLI * DP(K-1) - XOLI ¢ mn-n
IF (K .EQ. 3) (V) = Pm - 0. 333333333
END IP .
127 PAR = P(K) * AR
EAR = TG(K) * CP(M) + tn(x) . spm)
C* NGRTH MAGNETIC VECTOR
CMN = GMN - EAR * an * AR :
IF (M .EQ. 2 .OR. M .EQ. 3) THEN -
C* EAST MAGNETIC VECTOR ' ’
GME = QME - (1G(K) * SP(H) - TH(K) * cmm . ?An
1 * FLOAT (M - 1)
END 1P
128 IP (X .EQ. 2 .OR. N .EQ. 3) THEN
C* VERTICAL MAGNETIC VECTOK
GMV @ GHV + EAR * PAR ¢ PLOAT (N)
END i?
129 CONTINUE
GME = GME * Cd | XOL{
GMN = GMN * CN
CHV = GMV * CN
Ce MAGNETIC VECTOR AT MIP :
GHT = SQRT (GHV ¢ GMV + GMN ¢ GNN ¢« GME * GME)
C* CALC MAGNETIC LATITUDE
EAR » GMV | OMT
IF (EAR .EQ. O0.) THEN
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C*

EML = 0.
ELSE
IF (EAR .LT. 1.) THEN
EML = ATAN (TAN (ASIN (EAR)) * 0.5)
ELSE
EML = SIGN (PI(3),EAR)
END IP
END IP

RETURN
END



Cx
SUBROUTINE ELDENS
C*
C* THIS SUBROUTINE CALCULATES THE ELECTRON DENSITY AT A POINT IN SPACE.
C* THE OUTPUT OF THIS SUBROUTINE IS IN UNITS OF 10#+11 ELECTRONS PER
C* CUBIC METER.
c* ,
C* WRITTEN 1976 C. G. MYERS NAVAL RESEARCH LABORATORY CODE 7980
C* MODIFIED FEZBRUARY 1988 C. G. MYERS BENDIX FIELD ENGINEERING FOR NAVAL
C* RESEARCH LABORATORY CODE 4180.
(03 ]
COMMON /EDP/ COLI,DY,EML,EMT,HGT,HR,TEC,XOLI
COMMON /PS/ PI(7),XPC(8),DDY
C»
DATA DFA/1.0E-7/,DX/0./
C*
CHR = COS (HR) | HOUR FUNGTIONS
XHR = SIN (HR)
XLM = SIN (EML) | MAGNETIC LATITUDE FUNCTIONS
XLM2 = XLM * XLM
CLM = COS (EML)
ALM = ABS (EML)
Cw
C* AXD = SOLAR DECLINATION ANGLE
1P (DY .NE. DX) THEN

DX = DY
XXD = 0.39795 * SIN (PI(6) * (DX - 3.1703))
AXD = ASIN (XXD) t SOLAR DECLIRATION ANGLE
CXD = COS (AXD)
END IF

G* 2TA AND CAB = SEASONAL ANOMALIES
ZTA = XXD * XIM
CAB = COS (EML + AXD * CHR)
C* CKI = COS SOLAR ZENITH ANGLE
CKI = COLI * XXD - XOLI * CXD ¢ CHR
WD a SQRT (ABS (CF1))
WD = SIGN (WD,CKI) - 1.
WT = XOLI - COS (EMT + AXD ¢ CHR)
.G .
C* E LAYER CALCS
. C* 'E LAYER = O ABOVE 350 KM
€% 2EA ‘= E LAYER PROFILE FUNCYION
. C* ENA:= ELECTRON DENSITY
| EAR = (HGT - 110.) { 10.0
(2ZA = EXP (0.5 * (1. - EAR - EXP (-EAR))) * 1.36
IP (DPA .LE. ZEA) THEN
" ENA = ZEA @ XRC(3) * EXP (0.4 * V) v EXP (2. f\m)

L£LSE
SNACO.
: BND 1P
Ce .
C* IEZ = F1 LAYER PROTILE FUNCTION
C* ENB = ELECTRON DRENSITY

EAR = (HGY - 180.) / 3.0
ZBl L m (0.3 * ‘ll - m - w ("m,)) L 20“
IP(D®A .LE. IEB) THEN
ENB =« ZEB * XPCi4) ¢ EXP (0.25 ¢ WT) * EXP (XPC(7) * WD)
ELSE
ENB « O
END 1F
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C*
C* CHECK FOR F2 LAYER CALCS
C* P2 LAYER DENSITY = 0 BELOW 120 KM
C* CALC F2 LAYER PROFILE FUNCTION ZEC
EAR = HR - ALM * 4.5
P3 = 240.- 30.* COS (EAR)+ (75. + 83. % ZTA * CLM)* XPC(1)
IF (P3 .LT. HGT) THEN
EAR = P3
ELSE
. EAR = HGT
END 1P
H3 = 20.0 + 0.1 * EAR
EAR = (HGT - P3) / H3
2EC = EXP (1.0 - EAR - EXP (-EAR))
C*
C* V3 = POLAR FUNCTION
C* F3 = FOLDING FUNCTION
IF(DFA .LE. ZEC) THEN
CAR = HR - 0.87266
3 = EXP (CAB) * (2.+ XPC(1) + 0.5 * COS (CAR))
IF (PI(3) .LE. ALM) THEN
ENC = V3 * 2EC
ELSE
BAR = (SIN (PI(3) - ALM) * 2.92) #*6
F3 = EXP (- EAR)
V3i=VieR
P3 = 1.0 - P3
C»
C* S3 = SOLAR CYCLE FUNCTION
IF(1.1 .LT. XPC{1)) THEN
$3 = XPC(S)
'ELSE
S3 = 2.41 + 1.53 * XLM2 * (XPC(S5) - 2.41)
END 1P
C*
Ct D3 = DIURNAL FUNGTION ,
EAR » (COS (0.5 * CAR)) *+ 2
D3 = EXP (-2.2 * EAR)
GAR = (COS (HR + PI(4))) ¢* 2
D3 = (0.9 + 0.32 ¢ 2TA) * (1. ¢ 2TA * GAR) * D3
c* :
C* EL = LATITUDINAL FUNCTION
EAR = COS (0.5 ® BML * (XHR - 1.))
EL = EXP (3. ¢ EAR) ¢ (0.7 + 0.5 * XLM2)
Ce
C* T3 = ANNUAL FUNCTION
T3 = EXP ((CLM - CAB) * XPC(E)) * 0.7
ZAR = COS (PI(3) # (DY - 4.3088)} ¢ XPC(2)
TS =T3¢ (1. ¢ 0.178 ¢ EAR | 53)
Ce
C* Y3 = PART OF TY
Y3 = 0.2 % COS (PI(6) ¢ (DY - 1.))
Y3 = (1. +0.6 % COS (PI(3) ¢ (DY - 3.94321)) ¢ Y3
Y3 & (1. < SIN (ALM - PY{8))) ¢ Y3
Y3 « (0.13 - 0.06 ¢ SIN (ALM - PI(7))) ¢ COS (PL(3) @
1 (DY - &. #506)) + Y3
EAR « 1.0 - CHR
IP (EAR .EQ. 0.) THEM .
T T3 ¥y ]Sy
EL5E
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DAR = (CLM * CXD - XLM * XXD) ¢ 3
XBR = ABS (XLM)
T3 = T3 + (Y3 -(0.15 + 0.3 * XBR)* DAR * SQRT
2 (SQRT(EAR)))/ 83
END IF
c*
C* E3 = EQUATORIAL ANOMALY FUNCTION
C* G3 = PART OF B3
EAR = (COS (HR - 4.0099) + 1.0) * 0,25
G3 = EXP (EAR) * XPC(8) + 1.0
. EAR = CLM » CLM
CAR = EAR ** &
EAR = CAR * EAR
E3 w (1. - 0.4 * EAR)®* (1, + 0.6 * EAR * GAR) * CAR * G3
EAR = (COS (ALM - 0.2618)) *+ 12
E3 = EAR * E3

cw
C* ENC » P2 LAYER ELECTRON DENSITY
ENC = 2EC *# (V3 + P3 # S3 # D3 ¢« E[ & Ty * E3) * 0.66
END 1IF
ELSE
ENC = 0
END IF

C*
C+* SUM DENSITIES

TEC = ENA + ENB + ENC
c*

RETURN

END
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APPENDIX B

TABULAR OUTPUT FROM THE CHING-CHIU MODEL
AS MODIFIED TO YIELD TEC AND EXCESS
IONOSPHERIC GROUP-PATH-DELAY,
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APPEMDIX B
- PART 1 -

ALTITUDE: 100 km

SUNSPQT NUMBER: O

LATITUDE: 4o
LOMGITUDE: 279°E
FREQUENCY: 1 Gz




SATELLITE POSITION
LAT 40.00 LON 270.00

DATE AND TIME 03/21/87
SUNSPOT NUMBER IS 0.

HORZ ANG TEC

«5. 11.6

0. 6.9

S. 3-“

10. 2.3
HORZ ANG TEC

-35. 3.1

0. 3.5

5. 2.9

10. 2.2
HORZ ANG TEC

-5. 3.7

0. 3.7

5. 2.9

10. 2.2
HORZ ANG TEC

'30 7.5

0. 5«3

5. .5

10. 2.5
HORZ ANG TEC

=5. 5.2

0. .1

5. g

10. 2.3
HORZ ANG TEC

-3. 3.1

0. 5%

5. 2.9

10. 2.2

0000
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ALT 100. M

HRS

NSEC

[V T BV
¢« o o
- ;N

NSEC

W w e s
. .
© W N+

NSEC

w W
L S
O WO O O

NSEC

w e 9o
. ..
PP R

NSEC

[ ¥ IV
. .
OO

USEC

LI VA O o
P
O W

AZIIM =

AZIM

AZIM

AZIM

AZIM

0.

60.

120.

180.

2“0 -

300.



SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 03/21/87 0600 HRS
SUNSPOT NUMBER IS 0,

HORZ ANG TEC NSEC AZIM = 0.

-5. 16.1 21.5

0. 14.4 19.3

S. 8.5 11.4

10. 5.9 7.9
HORZ ANG TEC NSEC AZIM = 60.

-5. 12.4 16.6

0. 12.9 17.3

5. 9.6 12.9

10. 7.0 9.4
HORZ ANG TEC NSEC AZIM = 120.

-5 13.6 18.2

0 13.3 17.8

S. 9.8 13.1

10. 7.1 9.5
HORZ AlNG TEC NSEC AZIM = 180.

-5 11.0 14.7

g. 10.5 14.1

S. 8.0 10.7

10. 5.9 8.0
HORZ ANG TEC NSEC AZIM = ZaD

-5. €. % 7.4

0. 6.% 8.7

S. $.% 7.4

1. “.& 5.9
HOR2 ANG TE NSEL AZi¥ = 3D

5. 4.4 $.%

G. €.0 8.1

S. 5.3 7.1

10. “.3 $.7




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 03/21/87 1200 HRS
SUNSPOT NUMBER IS 0.

. HORZ ANG TEC NSEC AZIM = 0.
-S. 24.1 32.3
. 0. 27.6 36.9
5. 19.0 25.4
' 10. 13.4 18.7
HORZ ANG TEC NSEC AZIM = 60.
-S. 18.8 25.2
0. 24.0 32.2
S. 18.6 25.0
10. 1.1 18.8
HORZ ANG TEC NSEC AZIM = 120.
-5 25.8 34.5
0. 26.8 35.9
S. 19.8 26.5
10 16.6 19.6
HORZ ANG TEC NSEC AZIM = 180.
-S. 41.0 $4.9
0. 312.2 4.2
S. 21.5 28.8
10 15.3 20.5
HORZ ANG TEC NSEC AZIM a 240,
-5, 25.6 3.3
0. 27.1 36.3
S. 19.9 26.7
16. 16.? 9.7
HORZ ANG TEC NSEC AIM = 3OO
-5. 18.3 2%.2
c. 24.0 32.2
S. 1208 2%.0
10. 6.1 .8
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SATELLITE POSITION
LAT 40.00 LON 270.00

DATE AND TIME 03/21/87
SUNSPOT NUMBER IS 0.

HORZ ANG TEC

-S5. 14.4
0. 11.9
5. 7.8
10. 5.8
HORZ ANG TEC
-5. 4.4
0. 6.2
S. .3
10. 4.3
HORZ ANG JEC
-S. 7.8
Q. 7.1
S. 5.2
i0. o.d
HORZ ANG TEC
S, 3.7
0. Y
s. 9.3
19 6.4
HORZ AN TEC
-$ i6.6
0. 6.9
S. 1.2
0. ¥.2
HORE ANG TES
-5, il . &
. - ¥
S. $.7
0. 7.3

1800

ALT 100. KM

HRS

NSEC

19.3
16.0
10.4

7.7

AZIM

AITM

AZIM

AIM

60.

[ £

=g,



IMPACT OF THE GEOPLASMA ON A SPACEBORNE GPS RECEIVER SYSTEM

A Preliminary Study

John M., Goodman

Ionospheric Effects Branch
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
ke ok e e ek ok ok ok sk ok ok ook ok Rk ok ok ok ok Rk Rk

SATELLITE: 49. 270, 100, KM ALT
DATE-TIME: 06,21/87 1800 HOURS
FREQUENCY': 1.0 GIGAHERTZ
SUNSPOT NUMBLR: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 27.56 -0.060 -0.604
0. 25.52 -C.033 -0.333
5. 17.41 -0.007 -0.067
10, 12.83 0.00C 0.002
60. -5, 13.82 -0.051 -0.511
0. 19.01 -0.049 -0.493
5. 15.60 -0.012 -0.117
10 12.04 -0.002 -0.018
120. -5, 16.34 -0.046 -0.458
0. 19.31 -0.048 -0.484%
5. 15.53 -0.012 -0.118
10. 11.95 -0.002 -0.020
180. -5. 44,50 -0.032 -0.324
0. 30.31 -0.031 -0.312
5. 19.08 -0.003 -0.031
10. 13.26 0.002 0.016
240. -5 28.83 -0.045 -0.452
0. Zn.hl -0.041 -G.408
5. 18.30 -0.006 -0.063
10 13.37 0.001 0.012
300. -5, 21.17 ~-0.056 -0.565
0. 23.67 «0.045 «0.431
5. 17.9¢6 -0.007 -0.073
10. 13.32 0.001 ¢.J19Q
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL ¥
fdekdddedded kot dddedok ke dededdk ek dkddhdekk

SATELLITE: 40. 270. 100. KM ALT

DATE-TIME: 09/21/87 0000 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 15.59 -0.012 -0.118
- c. 9.23 0.004 0.043
S. 4,48 -0.001 -0.007
10. 3.05 -0.001 -0.010
60. -3. 4.13 -0.008 -0.078
0. 4.68 -0.010 ~0.102
5. 3.86 -0.004 -0.040
10. 2.96 -C.001 ~0.014
120. -5. 4.79 -0.007 -0.068
0. 4.84 -0.010 -0.098
S. 3.90 -0.004 -0.040
10. 2.97 -0.001 -0.014
180. -3, 9.01 -0.004 -0.045
0. 6.64 -0.007 -0.074
50 ‘051‘ '00003 ~0.027
10. 3.20 -0.001 -0.009
240, «S. 6.44 -0.005 -0.050
0. 5.34 -0.009 -0.090
5. 4.05 -0.004 -0,037
10. 3.03 -0.001 -0.013
300. -5. 4.15 -0.008 -0.078
0. 4.70  -0.010 -0.102
S. 3.08 ~0.004 «0.040
10& 2.98 “00001 ‘0-01‘0
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
222 T T T T T

SATELLITE: 40. 270. 100. KM ALT

DATE-TIME: 09/21/87 0600 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 20.69 ~0.030 -0.300
0. 18.26 -0.014 -0.143
5. 10.67 ~-0.002 -0.017
10. 7.28 -0.001 -0.011
60. -5. 16.55 -0.034 -0.339
0. 17.19 -0.027 -0.271
S. 12.83 -0.005 ~0.048
10. 9.34 0.001 0.0n8
120. -3 17.81 -0.032 -0.325
0. 17.62 -0.026 -0.265
5. 13.00 ~0.005 -0.045
10. 9.42 0.001 0.009
180. -5. 13.29 <0.021 -0.215
c. 12.93 -0.024 -0.238
5. 9.88 -0.007 -0.069
10. 7.37 -0.002 -0.016
240. -5 7.10 -0.017 -0.171
G. 8.51 -0.023 -0.232
5. 7.28 -90.009 -0.091
10. 5.78 -0.004 -0.036
3u0. -3, 5.90 -0.018 -0.180
Q. §.03 -0.024 -0.238
5. 7.08 -0.009 -0.094%
l0. 5.68 -0.004 -0.0237
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* GPS TEST FAST TRACE *

* CHING-CHIU IONOSPEERIC MODEL  *
L L s T I T T T e e L)

SATELLITE: 40. 270. 100. RM ALT

DATE-TIME: 09/21/87 1200 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5, 32.14 -0.098 -0.983
0. 36.80 -0.066 -0.663

5. 25.33 -0.006 -0.055

10. 18.58 0.003 0.030

60. -3. 25.10 -0.094 -0.938
0. 32.12 -0.075 ~0.752

3. 24,89 -0.009 -0.093

10. 18.76 6.003 0.031

120. -5. 33.24 -0.090 -0.895
0. 35.5 -0.070 -0.703

S. 26.34 -0.0606 ~-0.064

10. 19.49 0.005 0.047

180. -35. 49.96 -0.081 -0.806
0. 41.31 -0.059 -0.588

5. 28.25 -0.001 -0.612

10. 20.23 0.007 0.068

2“00 ‘So 33002 '00092 -0'919
0. 35.76 -0.070 -0.702

5. 26.47 -0.006 -0.061

10. 19.54 0.005 0.048

300. -5. 25.11 -0.094 -0.236
0. 32.12 «-0.07% -0.252

5. 24.89 -0.009 -0.094

10. 18.76 0.003 0.031
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
e dr e dede e dede e de ok e o sk e ke e ek ko e e ek ok

SATELLITE: 40. 270. 100. KM ALT
DATE-TIME: 09/21/87 1800 HOURS
FREQUENCY : 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 18.45 -0.030 -0.305
0. 14.98 -0.013 -0.128
5. 9.65 -0.006 -0.058
10. 7.16 -0.002 -0.019
60. -5, 5.90 -0.018 -0.180
0. 8.03 -0.024 -0.238
5. 7.08 -0.009 -0.095
10. 5.69 -0.004 -0.037
120. -5, 9.64 -0.014 -0.140
0. 9.16 -0.022 -0.219
5. 7.45 -0.009 -0.087
10. 5.84 -0.003 -0.034
180. -5, 32.53 -0.008 «0.076
0. 19.37 -0.012 -0.125
5. 11.59 -0.002 -0.021
10. 7.86 0.0600 0.000
240. -3. 24.38 -0.025 -0.246
0. 19.37 -0.023 -0.228
5. 13.47 -0.003 -0.033
10. 9.58 0.001 0.014
300. =3, 16.55 -0.034 -0.339
0. 17.20 -0.027 -0.271
5. 12.84 -0.005 -0.048
10. 9.35 0.001 0.008




e e st ke e ¢ e e e e e e e e e e e e de e e e o e e e ke e e e e de e de ke

* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
dedededrededrdedededededed b dokdr de ke de okt ek de okt kok ok

SATELLITE: 40. 270. 100. KM ALT

- DATE-TIME: 12/21/87 0000 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
»
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 19.60 -0.011 -0.115
0. 10.12 0.012 0.119
5. 4.02 0.001 0.009
10, 2.58 -0.001 -0.008
60¢ "'50 3c60 "0.006 -0006“
0. 3.90 -0.009 -0.087
50 3025 -0.004 ‘0&036
100 2051 "00001 ‘0-013
120. -5. 4.14 -0.006 ~0.057
0. 4.16 -0.008 -0.083
5. 3.35 -0.003 -0.034
10. 2.53 -0.001 ~0.012
180. ‘5. 7.86 -0-003 "00033
0. 5.66 -0.006 -0.063
5. 3.88 -0.002 ~0.024
10. 2.74 -0.001 -0.008
240. -5. 5.12 -0.004 -0.045
0. 4.43 -0.008 -0.078
5. 3.42 -0.003 ~0.033
10 . 2058 "‘00001 ‘00012
. 300. "5 . 3 . aO -o .006 *00066
0. 3.90 -0.009 -0.087
5. 3.25 ~0.004 -0.036
L] lo. 2-51 "00001 "0-013

57




e e s e e e e e e e e e e e e e e o e e e e vk Yo e S e de e e e e de Kk K

* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
e de de s e de e e e e e e ek e e e e e ok ok e ok e

SATELLITE: 40. 270. 106. KM ALT

DATE-TIME: 12/21/87 0600 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 16.37 -0.018 -0.179
0. 13.21 -0.004 -0.036
3. 6.74 0.000 0.004
10. 4.34 -0.001 -0.011
60. -5, 7.62 -0.012 -0.121
0. 7.71 -0.014 -0.144
5. 6.04 -0.005 -0.049
10. 4.33 -0.001 -0.013
120. -5. 11.34 -0.007 -0.068
0. 8.79 -0.013 -¢.125
5. 6.44 -0.004 -0.041
10. 4.71 -0.001 -0.010
180, -5. 9.54 -0.010 -0.098
0. 8.26 -0.013 «0.131
5. 6.17 -0.004 =0.045
10' 4.55 -OQOOI ‘0&013
240. -3. 5.81 -0.011 ~0.108
0. 6.43 -0.015 =0.148
5. 3.34 -0.006 -0.058
10. 4.14 -0.002 -0.021
300. -5. 4.49 ~0.011 -0.113
0. 5.81 -0.015 -0.153
3. 5.05 -0.006 -0.063
10. 3.99 -0.002 -0.023
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
dedededede e dede e de e e de e de e e e e o o e e e o

SATELLITE: 40. 270. 100. KM ALT

. DATE-TIME: 12/21/87 1200 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
t
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 23.84 -0.076 -0.764
0. 28.95 -0.059 -0.593
5. 20.99 -0.009 -0.094
10. 15.71 0.000 0.000
60. -5. 20.45 -0.074 -0.740
0. 26.60 -0.064 -0.645
5. 21.08 -0.012 -0.112
10. 16.03 0.000 0.005
120. -5. 31.80 -0.068 -0.679
c. 31,29 -0.058 -0.578
5. 23.09 -0.007 -0.072
10. 17.05 0.003 0.027
180. -S. 54.18 -0.055 -0.553
0. 39.21 -0.043 -0.425
5. 25.60 0.000 -0.004
10. 18.02 - 0.005 0.055
240, -5. 30.51 -0.072 -0.723
0. 31.36 -0.058 -0.584
5. 23.18 -0.007 -0.071
10. 17.09 0.003 0.028
B 300. -5. 20.45 -0.074 «0.740
0. 26.60 -0.064 -0.645
5. 21.08 -0.011 -0.112
. 10. 16.04 0.000 0.004
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* GPS TEST ¥AST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
5o de dede s dedede e de ek dede Aok ke ke ek ke ke e dk ke ke k

SATELLITE: 40. 270. 100. KM ALT

DATE-TIME: 12/21/87 1800 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.

AZIM ELEV DELAY ANGLE DISTANCE ..

DEG DEG NSECS MRADS METERS

D. -5. 14.13 -0.018 -0.184

0. 9.92 -0.002 -0.021

5. 5.72 -0.004 -0.037

10. 4.21 -0.002 -0.018

60. -3. 4.49 -0.011 -0.113

0. 5.81 ~0.015 -0.153

S. 5.05 -0.006 -0.063

10. 3.99 -0.002 -0.023

120. -3. 7.37 -0.009 -0.087

0. 6.80 -0.014 -0.140

3. 5.43 -0.006 -0.056

10. 4.17 -0.002 -0.020

18¢. -5. 27.14 0.005 0.049

0. 13.71 -0.003 -0.027

5. 7.52 0.000 -0.005

10. 4.92 0.000 0.000

240, -5, 18.25 0.003 0.026

0. 10.44 -0.0G9 -0.087

3. 6.84 -0.003 -0:02¢9

10. 4.84 -0.001 -0,006

300. -3. 7.62 -0.012 -0.121

0. 7.1 -0.014 -0.144

5. 6.05 «0.005 -0.049

10. 4.34 -0.001 -0.013




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 12/21/87 1800 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
. -30. 16.9 22.6
-25, 47.0 63.0
-20' &0& 5-9
-15. 0.1 0.1
HORZ ANG TEC NSEC AZIM = 60.
"300 009 103
-25, 0.2 0.3
-200 000 0'0
"150 0.0 OCO
HORZ ANG TEC NSEC AZIM = 120.
"300 101-0 13506
-250 110-2 1‘707
-20. 4.8 6.4
'15. 051 001
HORZ ANG TEC NSEC AZIM = 180.
-30. 139.3 186.7
-25. 462.8 620.1
-20. 6.3 48.6
'150 0.6 0.8
HORZ ANG TEC NSEC AZIM = 240,
-30. 339-0 65“-2
-235. 502.0 672.7
R -20. 14.8 19.5
.150 0.2 0-2
* HORZ ANG TEC NSEC AZIM = 300.
-30. 15.0 20.2
-25. 2.7 1.6
-20. 0.0 0.1
-13. 0.0 0.0
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APPENDIX B

- PART 2 -

ALTITUDE: 100 km

SUNSPOT NUMBER: 200

LATITULE: LO“N

LOMGITUDE: 270°E

FREQUENCY: 1 GHz

63




SATELLITE POSITION

LAT 4GC.00 LON 270.00
DATE AND TIME 03/21/87
SUNSPOT WUMBER IS 200.

HORZ ANG TEC

-5. 16.6

0. 15.4

5. 7.3

10. 1.9
HORZ ANG TEC

-3. 0.4

0. 0.5

5. 0.3

10. 0.2
HORZ ANG TEC

-3. 7.6

0. 4.3

5. 2.2

10. 1.2

HORZ ANG TEC

-5 28.1

0. 17.0

5. g.9

1C. 4.5
HORZ AlG TEC

-3. 9.9

0. 9.2

S. 4.1

10. 2.0
HORZ ANG TEC

~5. 0.4

C. 0.5

5. 0.3

i0. §.2

0000

ALT 100. KM

HRS

NSEC

L
NOY O
e o s e
w0~ N

NSEC

(e == o)
[V -

NSEC

- W un o
¢ s e »
OO WM

NSEC

37.6
22.7
11.9

6.1

NSEC

- p
RNV N3 8
[ IRV RV W)

i
(724
[34]
o

© 2 G
[C R RS-

AZIM

AZIM

AZIM

AZIM

AZiY

AZIN

*

60.

120.

L
s
L]

306G,



SATELLITE POSITION

LAT 40.00 LON 270.00
DATE AND TIME 03/21/87
SUNSPOT NUMBER IS 200.

HORZ ANG TES
"50 1

0. 2
1

hd S‘
10.

HORZ ANG TEC

-5. 1.1
0. 9.9
5. 6.0
10, 3.9

HORZ ANG TEC

-S. 22.9

0. 15.0

S. §.3

10. 5.0
HORZ ANG TEC

“50 25-8

o, 17.2

S. 9.6

10. 5.6
HORZ2 ANG TEC

-5. 9.4

0. 6.5

5. 1.8

10. 2.4
HORZ ANG TEC

) -5. 1.1

0. 2.1

5. 1.6

10. 1.2

0600

&

ALT 100. KM
HRS
NSEC A2IM =
26.0
27.2
16.8
6.9
NSEC AZIM =
14.9
13.3
8.1
5.2
NSEC A2IM =
30.7
20.1
11.1
6.8
NSEC AZIM -
34.6
23.1
12.8
7.4
NSEG AZIM =
1

AZIN =

60.

180.



SATELLITE POSITION

LAT 40.00 LON 270.00
DATE AND TIME 03/21/87
SUNSPOT NUMBER 15 200.

HORZ ANG TEC
-3. 38.3
0. 30.1
5. 37.3
10. 24,4
HORZ ANG TEC
-3, 28.4
0. 38.5
5. 30.1
10. 22.9

HORZ ANG TEC

-5. 8l.4
0. 66.4
S. 42.4

10. 28.9

HORZ ANG TEC

- =5, 18
1

-3. .9
g, 65.0
5. 3.2
iv. 2%. %
HORI ANG TEC
-5, 28.%
¢. 18.3%
5. g}
ig. 22.3%

1200

ALT 100. KM

HRS

NSEC

St.
67.
49,
32.

~NOWO W

NSEC

38.
Sl.
40.
30.

D W h =~

NS .

122.
89.
56.
38.

~ O

HSEC

i18.
b3
8.
9.

b At GV ke

AZIH

AZIM

~¢ Il

AZIM

AZIM

AZIM

U

4

1 4

60.

184.

240,

300,



SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE ANU TIME 03/21/87 1800 HRS
SUNSPOT NUMBER IS 200,

HORZ ANG TEC NSEC AZIM = 0,

-5. 17.8 23.8

0. 18.8 25.1

. 5. 9.7 13.1

10. 3.7 4.9
HORZ ANG TEC NSEC AZIM = 60,

-5. 1.1 1.5

0. 2.1 2.8

5 1.6 2.1

10. 1.2 1.6
HORZ ANG TEC NSEC AIM = 120.

-5. 33.0 44.2

0. 16.0 21.5

5. 7.4 10.0

10. 3.9 5.2
HORZ ANG TEC NSEC AZIM = 180.

-5, 147.8 198.1

0. 81.3 108.9

5. 37.4 50.1

10. 17.0 22.7
HORZ ANG TEC NSEC AZIM = 240.

-5. 81.4 109.1

0. 39.2 52.5

5. 17.5 23.5

10. 8.8 1.8
HORZ ANG TEC NSEC AZIM = 100.

-5 11.1 4.9

0 10.0 13.4

5. 6.0 8.1

10. 3.9 5.3

€7




SATELLITE POSITION

LAT  40.00 LON 270.00 ALT 100. KM
DATE AND TIME 06/21/8 0000 Hks
SUNSPOT NUMBER 1S 200,

HORZ ANG TEC NSEC AlIM = 0.

-5, 11.7 15.7

c. 11.1 14.9

5. 5.9 7.9

10. 1.9 2.5
HORZ ANG TEC NSEC AZIM = 60.

-5, 0.9 1.2

0. 1.0 1.4

5. 0.6 0.8

10. 0.4 0.6
HORZ ANG TEC NSEC AZIM = 120,

-5, Al 18.9

0. 8.y 12.0

5. 5.1 6.8

10, 2.9 3.9
HORZ ANG TEC NSEC AZIM = 180,

-5, 48.1 64.4

C. 33.0 4,2

5. 19.4 26.0

10. 10.8 14,4
HORZ ANG TEC NSEC AZIM = 240,

“%. §2.1 56.4

v, 21.9 29.4

h. 10,7 14.3

10, 9.4 7.3

HORZ ARG TEC HSKC AZIM - 300,




SATELLITE POSITION

LAT 40.00
DATE AND TIME 06/21/87
SUNSPOT HUMBER IS 200.

HORZ ANG TEC

-5 30.0

0 32.4

5 22.0

10 12.2
HORZ ANG TEC

-5. 20.4

0. 20.7

5. 13.9

10. - 9.7
HORZ ANG TEC

-5. 29.1

Q. 24.2

3. 15.5

10. 10.5

HORZ ANG TEC

‘5- 31-6

0. 27.0

3. 17.6

10. 11.6
HORZ ANG TEC

-5, 14.6

0. 16.1

3, 11.6

10. 8.5
HORZ ANG TEC

-3, 7.1

0. 12.1

3. 9.5

10. 1.3

LON 270.00

0600

69

ALT 100. KM

HRS

NSEC

—
[ RO .
W~ N oW

AZIM

AZIM

AZIM

AZIM

AZIM

AZIH

[}

14

60.

120.

180.

240.

300.



SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100, KM
DATE AND TIME 06/21/87 1200 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
-5. 55.6 74.5
0. 68.6 92.0
S, S51.5 69.0
10. 33.4 44.8
HORZ ANG TEC NSEC AZIM =  60.
-3. 8.4 51.5
0. 50.1 07.2
5. 33.2 52.5
10. 2%.7 39.8
HORZ ANG TEC NSEC AZIM = 120.
-3. 82.9 111.1
0. 66.7 93.4
5. 47.8 64.0
10. 33.9 45.4
HORZ ANG TEC NSEC AZIM = 180,
-5. 154.7 207.3
0. 112.7 151.0
3. 68.3 91.5
10. 43.2 37.9
HORZ ANG TEC NSEC AZIM = 240.
-3 76.7 102.7
0. 70.2 94,0
3. 48.9 65.
10. 36,6 6.4
HORZ ANG TEC HSEC AZIN = 300,
-5, 38.4% 31.5
0. 50.1 67.2
5. 19.2 52.6
10. 29.7 19.8
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SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 06/21/87 1800 HRS
SUNSPOT NUMBER IS 200.

. HORZ ANG TEC NSEC AZIM = 0.

-5. 28.3 38.0

. 0. 30.9 41.4

5. 19.4 26.0

10. 10.5 14.1
HORZ ANG TEC NSEC AZIM =  60.

-5. 7.1 9.5

0. 12.1 16.2

5. 9.5 12.7

10. 7.3 9.8
HORZ ANG TEC NSEC AZIM = 120.

-5. 51.7 69.3

0. 31.9 42.8

5. 17.8 23.9

10. 11.0 14.8
HORZ ANG TEC NSEC AZIM = 180.

-5. 150.0 201.0

0. 94.8 127.0

5. 49.8 66.7

1. 25.8 34.6
HORZ ANG TEC NSEC AZIM = 240.

-5. 76.2 102.1

0. 45.7 61.2

5. 24.5 32.9

10. 14.4 19.3
HORZ ANG TEC NSEC AZIM = 300.

-5. 20.4 27.3

0. 20.7 27.8

5. 14.0 18.7

10. 9.7 13.1

"




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100, KM
DATE AND TIME 09/21/87 0020 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.

-5. 16.7 22.3

0. 15.5 20.7

5. 7.3 9.8

10. 1.9 2.5
HORZ ANG TEC NSEC AZIM = 60,

-5. 0.4 0.6

0. 0.5 0.7

5. 0.3 0.4

10. 0.2 0.3
HORZ ANG TEC NSEC AZIM = 120.

-3. 7.1 9.5

0. 4.1 5.4

5 2.1 2.8

10. 1.2 1.3
HORZ ANG TEC NSEC AZIM = 180.

-5. 25.7 34.5

0. 15.6 20.9

5. 8.2 11.0

10. 4.2 5.6
HORZ ANG TEC NSEC AZIM = 240,

-5. 18.7 25.1

0. 8.8 11.7

5. 3.9 5.3

10. 1.9 2.6
HORZ ANG TEC NSEC AZIM = 300,

-3. 0.4 0.6

0. 0.6 0.7

5. 0.3 0.4

10. 0.2 0.3
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SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 09/21/87 0600 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.

-5. 18.8 25.2

0. 19.5 26.1

. 3. 11.9 16.0

10. 4.8 6.4
HORZ ANG TEC NSEC AZIM =  60.

-3. 11.0 14.8

0. 9.8 13.2

3. 5.9 7.9

10. 3.8 3.1
HORZ ANG TEC NSEC AZIM = 120.

=5, 22.0 29.5

0. 14.6 19.5

5. 8.1 10.8

10. 4.9 6.6
HORZ ANG TEC NSEC AZIM = 180.

-5. 23.4 31.4

0. 15.6 20.8

5. 8.6 11.5

10, 5.0 6.6
HORZ ANG TEC NSEC AZIM = 240.

-5. 8.7 11.6

0. 6.2 8.2

3. 3.6 4.9

10. 2.3 3.1
HORZ ANG TEC NSEC AZIM = 300.

‘ -3. 1.1 1.5

0. 2.1 2.8

5. 1.5 2.0

10. 1.2 1.6
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SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 09/21/87 1200 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG  TEC NSEC AZIM = 0.

-5. 38.1 51.1

0. 49.8 66.8

5. 37.1 49.7

10. 24.3 32.5
HORZ ANG  TEC NSEC AZIM = 60.

-5. 28.3 37.9

. 38.4 51.4

5. 30.0 40.1

10. 22.8 30.5
HORZ ANG  TEG NSEC AZIM = 120.

-5. 87.8 117.7

0. 65.1 87.2

5. 41.8 56.0

10. 28.6 38.3
HORZ ANG  TEC NSEC AZIM = 180

-s. 169.5 227.1

0. 115.5 154.7

5. 65.7 88.1

10. 39.5  s2.9
HORZ ANG  TEC NSEC AZIM = 240,

-5. 74.7 100.1

0. 63.4 85.0

5. 42.3 56.7

10. 29.2 39.1
HORZ ANG £C NSEC AZIM = 300.

-5. 28.3 37.9

0. 38.4 51.4

. 30.0 40.2

19, 22.8 30.5

1




SATELLITE POSITION

LAT 40.00

LON 270.00

DATE AND TIME 0%/21/87
SUNSPOT NUMBER IS 200.

HORZ ANG

-5.
0.
5.

10.

HORZ ANG
‘5‘
0.

5.
10.

HORZ ANG

HORZ ANG

=5,
0.
5.
10.

HORZ ANG

TEC

1
1

-
3

w0 o
o« »
NN O

TEC

T o
. . .
2 U

TEC

- W
W N o
. e o .
NO o

TEC

1.4.7
74.4
36.4
15.6

TEC

oL~y

-3 BTV
v s e .
" ~NOWw

TEC

W A D
s = s .
WO O o

1800 HRS

NSEC

i80.5
99.7
46.1
20.9

NSEC
101.7
49.5

22.3
11.3

HSEC

[
WD
v e e e
~N O QD

75

ALT 100. KM

AZIM

AZIM

AZIM

AZIM

AZ™™

AZIN

]

il

&

60.

120.

180.

300.




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100, KM
DATE AND TIME 12/21/87 0000 HRS
SUNSPOT NUMBER IS 200,

HORZ ANG TEC NSEC AZIM = 0.

-5. 24.4 32.8

0. 21.6 28.9

5. 8.6 11.6

10. 1.8 2.4
HORZ ANG TEC NSEC AZIM = 60.

-3. 0.3 0.4

0. 0.4 0.5

5. 0.2 0.3

10. 0.2 0.2
HORZ ANG TEC NSEC AZIM = 120.

-5. 3.7 5.0

0. 2.0 2.6

3. 0.9 1.3

10. 6.5 0.7
HORZ ANG TEC NSEC AZIM = 180.

-3. 15.9 21.3

Q. 8.3 11.1

3. 3.8 5.1

0. 1.8 2.4
HORZ ANG TEC NSEC AZIM = 240




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 12/21/87 0600 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.

-3, 16.8 22.5

0. 16.7 22.4

. 5. 9.1 12.2

10. 2.7 3.6
HORZ ANG TEC NSEC AZIM = 60.

-5, 1.6 2.2

0. 1.5 2.0

S. 0.9 1.2

10. 0.6 0.8
HORZ ANG TEC NSEC AZIM = 120.

-3. 11.5 15.4

0. 3.6 6.7

3. 2.3 3.

10. 1.3 1.7
HORZ ANG TEC NSEC AZIM = 180,

‘5- 16-0 21~4

0. 9.0 12.0

5. 4.4 5.9

16. 2.3 3.1
HORZ ANG TEC NSEC A2IM = 240.

-5. 3.3 7.1

Y 3.4 4.5

3. i.8 .

10, 1.1 .5
HCRZ ANG TEC KSEC AZi¥ = 300,

¢ -5 Q.¢e 0.8

0. 1.0

3. 0.7 c.$

10 G.5 £.8

n




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 12/21/87 1200 HRS
SUNSPOT NUMBER 1S 200.

HORZ ANG TEC NSEC AZIM = 0.

-5. 21.2 28.4

0. 29.7 39.9

5. 21.4 28.6

10. 13.7 18.4
HORZ ANG TEC NSEC AZIM = 60.

=5. 15.9 21.3

0. 23.0 30.8

5. 7.7 23.7

10. 13.5 18.1
HORZ ANG TEC NSEC AZIM = 120.

-5. 95.2 127.6

0. 57.3 76.17

S. 32.5 43.6

10. 20.7 27.8
HORZ ANG TEC NSEC AZIM = 180.

-5 207.2 271,17

9 123.6 165.7

3 £2.3 81.5

a0 .2 5.2
HORZ ANS TEC - NSE AlIM = 240,

-3, 70.3 93,2

Q. $2.1 69.8

5. 2.2 2.9

0. 20.9 23.0
HORZ ANG iC NSEC AZIM = 35D

-5. 1%.3 1.2

g, 23.% 3d.8

3. a7 3.7

i3, 3.3 8.l

18




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 12/21/87 1800 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
. -3. 15.2 20.3
0. 15.1 20.3
5. 6.2 8.3
10. 1.4 1.9
HORZ ANG TEC NSEC AZIM = 60.
-5. 0.6 0.8
0. 1.0 1.3
5. 0.7 0.9
10. 0.5 0.0
HORZ ANG TEC NSEC AZIM = 120.
~5. 15.3 20.4
0. 7.0 9.4
5. 3.2 4.2
10. 1.6 2.2
HORZ AMNG TEC NSEC AZIY = 180.
-3. 98.8 132.4
0. 8.4 64.9
s. 19.9 26.6
10. §.1 10.9
HORZ ANG TEL HSEC AZIH = 240,
-5, 62.0 83.1
0. 23.2 31.1
3. §.5 2.3
* 16. 5.6 &.5
. HORZ ANG TEC NSEC AZIK = 305.
-35. 1.7 2.2
¢. 1.5 2.1
S, .9 1.2
i0. g.6 .8




APPEEDIX B
- PART 3 -

ALTITUDE: 1000 km

SUNSPOT NUMBER: 0

LATITUDE: LO°N

LONGITUDE: 270°E

FPEQUENCY: 1 CH2z

Bl




SATELLITE POSITION

LAT 40.00
DATE AND TIME

LON 270.00
03/21/87

SUNSPOT NUMBER IS 0.

HORZ ANG

-30.
-25.
-20.
-15

HORZ ANG

-30.
~25.
-20.

-15.

HORZ ANG

-%0,
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15,

HORZ ANG

-30.
-25.
-20,
-15.

TEC

g%

O O N O
O O

TEC

QO - n
[ aw 2 o+ 8 0 )

TEC

o O
O =MoL

TEC

[
O O ~N N
[ B o3}

O -

TEC

O O o
O OO0

0000

82

ALT 1000. KM

HRS

NSEC

D O W
O~ o>

NSEC

S O NN~
(<3N L

NSEC

O O~ wn
o & Ww

NSEC

&

~o
OO -
(o B R

NSEC

o

O OO
[ 2 o o o 8

NSEC

O O N~
S

AZIH

AZIM

AZIM

AZIM

AZIM

AZIM

1

"

H

ft

"

60,

120.

130.

240.

300.




SATELLITE POSITION

LAT 40.00

LON 270.00

DATE AND TIME 03/21/87

SUNSPOT NUMBER IS

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-135.

HORZ ANG

«30.
=25,
<20.
=13,

HORZ ANG

-3G.
-25.
-20.
=13,

HORZ ANG

-30.
-25.
-20,
-15.

o.

TEC

o
© O &t
NI
o ®N

TEC

O O W
« 2 e e
OMN O W

TEC

4¢

1
v.2
9.0

TEC

OO v
O+~

TEC

DO W
O s DN

TEC

OO N
e e v .
QO O

0600

ALT 1000. RM

HRS

NSEC

- W
OO WwWw
« o s e

N 0~

o

NSEG

O O v
oMM

NSEC

- O
o0 W
SN N

NSEC

— W
o C -~
oON®N

NSEC

OO
O - U e

NSEC

O Ot~
¢« o e
O WO

AZIM

AZIM

AZIM

AZIM

AZIM

4

60.

120.

180.

240.

3eg.




SATELLITE POSITION

LAT 40.00 LON 270.00
DATE AND TIME 03/21/87
SUNSPOT NUMBER IS 0.

HORZ ANG TEC
-30. 29.5
-25. 22.3
-20. 0.3
-15. 0.0

HORZ ANG TEC
-30. 24.7
-25. 7.9
-20. 0.2
-15. 0.0

HORZ ANG TEC
-30. 108.6
-25. 28.8
-20. 0.3
~135. 6.0

HORZ ANG TEC
-30. 109.4
-2%. 60.1
-20. .4

13 0.0

HQRZ ANG TEC
-3G. 70.4
=25, 18.1
-20. 0.3
-15. 0.0

HORZ AlG TEC
-30. 24.5
<23, 7.9
«20. 0.2
‘15- )-0

ALT 1000.
1200 HRS

NSEC

S

O O O O
[ JE e

NSEC

- W
N-R=-N"
S e .
o w o=

NSEC

145.5
38.6
0.4
0.0

NSEC
146.6
80.5

0.5
¢.0

NSEC

[y o]
Lon I n TP — P -4
O £ W o

NSEC

Loy

'™
OO oW
O W o O

KM

AZIM

AZIM

AZIM

AZIM

AZIM

AZIM

[}

[}

/]

60.

120.

180.

240.

300.




SATELLITE POSITION

LAT 40.00

DATE AND TIME 03/21/87

SUNSPOT NUMBER I8

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-235.
-20.
-15.

HORZ ANG

-30.
-23.
-20.
-13.

HORZ ANG

-30.
-25.
-20.
-13.

HORZ ANG

=30,
«23.
-20.
-15.

0.

TEC

N

O O M
« s
O - o o

TEC

SO N
« e o »
o+ O

TEC

I
co & w
Pl
o & w

TEC

90.3
103.3
0.5
0.0

TEC
106.6
46.6

0.3
0.0

TEC

OO W
O N O

LON 270.00

1800

85

ALT 1000. KM

HRS

NSEC

- N

OO N
SN WE

NSEC

[ S S e ]
o oo

NSEC

W n
O O NN
NN W

NSEC

121.0
138.4
0.6
0.0

AZIM

AZTM

AZIM

AZIM

AZIM

AZIM

0

[

L]

60.

120.

180.

240,

300.




SATELLITE POSITION

LAT 40.00

LON 270.00

DATE AND TIME 06/21/87

SUNSPOT NUMBER IS

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-135.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-23.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15.

0.

TEC

OO N =
O - Oy~

TEC

OO N
O~ O

TEC

O O NN
o H N

TEC

0N

OO O W
= O

TEC

N e
OO &N
O =~

TEC

O O NN
O - OO

0000

86

ALT 1000. KM

HRS

NSEC

- W
coow
oMM

NSEC

OO WM
o & O

NSEC

oo w-
O -G W

NSEC

N W
o O N Co
O N s~

NSEC

W

O DO W~
O N W

NSEC

[ 2« B VSR (N
O - e~ O

AZIM

AZIM

AZIM

AZIM

AZIM

AZIM

it

]

[}

60.

120,

180.

240.

300.




SATELLITE POSITION

LAT 40.00

LON 270.00

DATE AND TIME 06/21/87

SUNSPOT NUMBER IS

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25,
-20.
-15.

HORZ ANG

-30,.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-13.

0.

TEC

- W
O O~
O N NO

TEC

(>Rl e oo JEN]
o N O

TEC

-
ococow
oMo o

TEC

Lol
O O O~
O NO W,

TEC

O o tnn
O H NN

TEC

O O W
S H OGN

0600

87

ALT 1000. KM
HRS
NSEC AZIM
46.9
23.7

0.3

0.0

NSEC AZIM
36.3

10.7

0.3

0.0

NSEC AZIM
65.7

14.3

0.3

0.0
NSEC AZIM
36.9
13.4

0.2

0.0
NSEC AZIM
21.0

7.6

0.1

0.0
NSEC AZIM
15.0

4.8

0.2

0.0

i

[

60.

120.

180.

240,

300,




SATELLITE POSITION

LAT 40.00 LON 270.00
DATE AND TIME 06/21/87
SUNSPOT NUMBER IS 0.

HORZ ANG TEC
-30. 37.9
-25. 30.2
-20. 0.4
~-13. 6.0

HORZ ANG TEC
-30. 28.2
-25. 8.8
-20, 0.2
-15. 0.0

HORZ ANG TEC
-30. 96.3
-25. 25.5
-20. 0.3
-15. 0.0

HORZ ANG TEC
-30. 100.9
-25. 54.2
-20. 0.4
-15. 0.0

HORZ ANG TEC
-30. 67.7
-25. 17.8
-20. 0.3
-15. 0.0

HORZ ANG TEC
-30. 28.0
‘250 808
-20. 0.2
-15. 0.0

88

ALT 1000. XM
1200 HRS

NSEC

£
o OO o
O L

NSEC

- W

O O~
O W g

NSEC

129.1
34.1
0.4
0.0

NSEC
135.3
72.7

0.5
0.0

NSEC

[aC Yo
O O WO
QO &0

NSEC

— W
O O
O W~y W

AZIM

AZIM

ATIM

AZIM

AZIM

AZIM

L]

n

[

]

[H

60.

120.

180.

240,

300,




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 06/21/87 1800 HRS
SUNSPOT NUMBER IS 0.

HORZ ANG  TEC NSEC AlIM = 0.
’300 3008 6103
-25. 15.7 21.1
-20. 0.2 v.3
-15. 0.0 c.0
HORZ AMG TEC NSEC AZIM = 60.
-30. 11.4 15.2
-25. 3.6 4.8
-20. 0.1 0.2
-15. 0.0 0.9
HORZ ANG TEC NSEC AZIM = 120.
-30. 50.4 67.5
-25. 3l.1 al.7
-20. 0.2 0.2
=135, 0.0 0.0
HORZ ANG TEC NSEC AZIM = 180.
-30. 81.3 108.9
=25, 101.7 136.3
=20, 0.5 0.7
-15, 0.0 0.0
HORZ ANG TEC NSEC AZIM = 240,
~30. 94,7 126.8
=25, 4l1.8 56.1
-20. 0.3 0.4
«15. 0.0 ¢.0
HORZ ANG 1EC NSEC AlIM = 3G0.
-36. 27.1 36.3
-25. 8.0 10.7
-20. 0.2 0.3
“150 0-0 000




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 09/21/87 0000 HRS
SUNSPOT NUMBER IS 0.

HORZ ANG TEC NSEC AZIM = 0.
-30. 20.6 27.6
-25. 7.3 9.8
-20. 0.1 0.1
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 60.
-30. 5.6 7.5
-25. 1.8 2.4
-20. 0.0 0.1
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 120.
-30. 10.2 13.6
-25. 4.8 5.5
-20. 0.1 0.1
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 180,
-30. 18.4 24.7
-25. 13.7 18.4
-20. 0.1 0.1
-15. 0.0 0.0
HORZ ANLG TEC NSEC AZIMd =  240.
-30. 31.5 42.2
~25. 14,4 19.2
-29, 0.1 0.1
-1%5. 0.0 0.0
HORZ ANG TES NSEC AZIM = 300,
-30. 5.6 7.5
-25, 1.8 2.4
-39, 0.0 0.1
-15. 0.0 v.0




SATELLITE POSITION

LAT 40.00

DATE AND TIME 09/21/87

SUNSPOT NUMBER IS

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30,
-25.
-206.
-13.

HORZ ANG

-30.
-25.
-20.
-13.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25,
-20.
-15.

HORZ ANG

~30.
-235.
-20.
-135.

0.

TEC

LON 270.00

0600

9

ALT 1000. KM

HRS

NSEC

= W
OO WwVN
o N & &

NSEC

o O v
oNNMNO

NSEC

-
oo MDD
o N OO

NSEC

= L
oo oM
O o~

NSEC

QO L
[~ - o

NSEC

O O M~
[~ - -2~

AZIM

AZIM

AZIM

A2IM

AZIM

AZIM

a

4

60.

120.

180.

240.

300.




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 09/21/87 1206 HRS
SUNSPOT NUMBER IS 0.

HORZ ANG TEC NSEC AZIM = 0.
-30. 29.4 39.4
-25. 22.2 29.7
-20. 0.3 0.4
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 60,
-39, 24.6 3.9
-25. 7.9 10.6
-20. 0.2 0.3
-15. Q.0 0.0
HORZ ANG TEC NSEC AZIM = 120.
«%0. 93.5 +25.3
-23. 25.2 33.8
~20. 0.3 0.4
-13. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 180.
-30. 94,2 125.2
-25. 30.4 67.5
- 20, 0.3 0.5
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 240,
-30. 62.6 §53.8
-25. 18.4 22.0
-20. 0.3 0.4
-15. 0.0 0.0
HORZ ANG TEC HSEC AZIM =  300.
-30. 24,4 32.7
-25. 7.9 10.¢
-20. 0.2 ¢.3
-15. 0.0 0.0

92




SATELLITE POSITION

LAT 40.00 LON 270.00
DATE AND TIME 09/21/87
SUN3SPOT NUMBER IS 0.

HORZ ANG TEC

-39, 20
-25. 12
-20. 0.
-135. 0

HORZ ANG TEC

-39. é
-25. 2.
-20. 0
-15. 0

HORZ ANG TEC

-30. 36
-25. 20.
-20. 0.
-13. 0

HORZ ANG TEC

-390, 74
-25, 84
»20. 0.
-13. 0

HORZ ANG TEC

-30. 20
-25. 39
«20. 0.
-15. 0

HORZ ANG TC

-30. 23
-25. 6
-20. e.
-15. 0

1800

923

ALT 1000. KM
HRS
NSEC AZIM
26.8
16.9
0.2
0.0
NSEC AZIM
8.0
2.8
0.1
0.0
NSEC AZIM
48.9
27.3
0.1
0.0
NSEC AZIM
99.9
112.9
5.5
0.0
KSEC AZIM
129.9
52.2
¢.3.
0.0
NSEC AZIM
31.0
9.2
0.2
0.0

[

[}

60.

120.

180.

i00.




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 12/21/87 0000 HRS
SUNSPOT NUMBER 1S 0.

HORZ ANG TEC NSEC AZIM = 0.
-30. 24.6 32.9
-25. 9.3 12.5
-20. 0.1 0.1
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 60.
-30. 4.5 6.0
-25. 1.5 2.0
-20. 0.0 0.1
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 120.
-30. 10.1 13.5
23, 4.2 5.6
-20. 0.0 0.1
-15. 0.0 0.0
HORZ ANG TEC HSEC A2 = 180.
-30. 20.1 24.9
-25. 12.95 16.7
-20. 0.1 0.1
-15, 0.0 0.0
HIRZ ANG TEC NSEC AZIM = 240,
-30. 30.8 4.}
«25. 10.9 14.7
206, 8.1 0.1
-19. 0.Q 0.0
HORZ ANG TEC s ATIK¥ = 309,
-39, 4.5 6.9
-25 1.8 2.0
-20. 6.0 0.1
-15. 0.9 0.0




SATELLITE POSITION

LAT 40.00 LON 270.00
CATE AND TIME 12/21/87
SUNSPOT NUMBER IS 0.

HORZ ANG TEC

~30. 9.1
.29, 2.9
-20. 0.1
-15. 0.0
HORZ ANG TEC
-3u, 15.3
-25. 4.6
-20. 0.1
-15. 0.0

HORZ ANG TEC

-30. 42.6
-25. 8.1
-26. 6.1
-13. 0.0

HORZ ANG TEC

-30. 25.2
-23. 6.7
-20. e.1
-15. 0.0
HORZ ANG TEC
-3@C. .7
-25. 5.8
«20. 0.1
‘15t 0-9
HORZ ANG TEC
-39, .7
“25t 1.6
-20. 0.0
-15. 0.0

0600

95

ALT 1000. KM

HRS

NSEC

- N

OO ~NWm
O N WO

NSEC

OO O,OoO
S

NSEC

- n

[ I e TV ]
QN D

NSEC

O O D w
= O~

NSEC

O O W
L~ S ol R

HSEC

[= 2~ V3 - 4
(=2 S L

AZIM

AZIM

AZIM

AZIH

AZIM

AZIN

]

60.

120.

180.

240.

308.




SATELLITE POSITION

LAT 40.00 LON 270.00
DATE AND TIME 12/21/87
SUNSPOT NUMBER IS 0.

HORZ ANG TEC
-30. 19.0
-25. 14.6
-20. 0.2
-15. 0.0

HORZ ANG TEC
-30. 18.0
-25. 6.4
-20. 0.2
-15. 0.0

HORZ ANG . = TEC
-30. 112.5
-25. 30.7
-20. 0.3
-13. Q.0

HORZ AMG TEC

~3C. 114.8
-25. 64.9
-20. 0.3
-i3. 6.0

HORZ AMG TEC

-30,
~23.
-20.
-1Z.

o

SO~y
P e s
L= 3N N = W

HORZ ANG TEC

«30. 17.
-25.
=20,

-15.

O C o ~
O

1200

ALT 1000. KM

HRS

NSEC

-

O O v WLk
. v e
o wovwm

NSEC

O O ™ s
o v e »
O Y O

NSEC

150.7
41.1
0.3
0.0

AZIM

AZIM

AZIM

AZIM

AZIH

AZIM

]

]

fl

60.

120.

18¢.

2&0‘

300.




APPEMDIX B
- PART 4 -

ALTITUDE: 1000 km

SUNSPQOT MUMBER: 200

LATITUDE: 40°M
LONGITUDE: 279°F
FREQUENCY. 1 GHz

97




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 03/21/87 0000 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
-30. 23.1 30.9
-25. 69.6 63.3
-20. 3.8 5.1
-15. 0.1 0.1
HORZ ANG TEC NSEC AZIM = 60,
-30. 1.6 2.2
-25. 0.4 0.5
-20. 0.0 0.0
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 120.
-30. 25.6 34.3
<25, 35.7 47.9
-20. 4.1 5.5
-15. 0.1 c.1
HORZ ANG TEC NSEC AZIM = 180.
-30. 121.7 163.1
-25. 110.4 148.0
-20. 14,5 19.5
-15. 0.4 0.6
HORZ ANG TEC NSEC AZIM = 240,
-30. 130.0 174,1
-25. 123.5 165.5
-20. 12.2 16.3
-1S| 0o3 0.‘0
HORZ ANG TEC NSEC AZIM = 300,
-30, 2.3 3.0
-25. 0.4 0.5
'200 0.0 000
-13. 0.0 0.0

98




SATELLITE POSITION

LAT 40.00

LON 270.00

DATE AND TIME 12/21/87

SUNSPOT NUMBER IS

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

'300
'250
20,

"1.50

HORZ ANG

=30,
-25.
-20.
-135.

BORZ ANG

<30,
=25.
~20.
-15.

HORZ ANG

‘300
-25-
"20:

-25.

HORZ ANG

-30.
-25.
-20.
«13.

0.

TEC

o O+ &
* & s ¢
o - O W

TEC

OO s
. »
[~ 2NN BN

TEC

- w
couw
» * L]

[« SRV I

TEC

[ K]
o OoON -

e * s e

(=0 2% = 2 -

TEC

104.7
42.3
0.2
6.0

1800

ALT 1000. KM

HRS

NSEC

109.1
110.1
0.5
0.0

AlIM =

ALIM =

AZIM =

AlIM =

AZIM =

AZIH =

0.

60.

120.

180.

240.

300.




APPEMDIX €
- PART 1 -

ALTITUDE:

100 km

SUNSPOT NUMBER: 0

LATITUDE:

LONGITUDE:

FREQUENMCY:

4O°N

270°t

1 GHz

O




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 03/21/87 0600 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
-30. 21.2 28.4
-25. 60.1 80.5
-20, 8.0 10.8
-15. 0.3 0.4
HORZ ANG TEC NSEC AZIM = 60.
-30. 30.6 41.0
-25. 7.2 9.7
-20. 0.2 0.2
-15. 0.0 0.0
HORZ ANG TEC NSZC AZIM = 120.
-30. 137.8 184.6
-25. 113.3 151.8
-20. 3.4 4.5
"15- 001 0-1
HORZ ANG TEC NSEC AZIM = 180,
-30. 158.8 212.8
-25. 127.2 170.5
-20. 5.5 7.3
‘15- 001 0.2
HORZ ANG TEC NSEC AllM = 240,
=30, 26.4 35.4
-25. 6.3 62.0
-20. 3.c &0
«135. 0.1 0.1
HORZ ARG TES NSEC AZIM = 300.
'30» 1-5 2.1
-25. 0.3 0.5
“20- 0.0 0.0
-15. 0.9 0.0
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SATELLITE POSITION

LAT 40.00
DATE AND TIME 03/21/87
SUNSPOT NUMBER IS 200.

LON 270.00

1200

ALT 1000, KM

HRS

HORZ ANG TEC
-30. 32.9
~25. 45.4
-20. 11.2
-15. 0.4

HORZ ANG TEC
-30. 35.1
-25. 11.1
-20. 0.3
‘150 000

HORZ ANG TEC
-30. 364.1
-25. 456.8
-20. 15.6
“15. 0.2

HORZ ANG TEC
-30. 189.3
-23. 687.9
=20. 4l.4
-150 0'7

HORZ ANG 1EC
-30. 189.1
-25, 293.7
-20. 9.4
‘150 0.2

HORZ ARG TEC
-30. 32.1
-25. 10.3
-20. 0.3
=15, 0.0

NSEC

- O
o Wwnmo s
“n o

NSEC

PR

OO &~
e o o
[ 2 - T I =]

NSEC

o &
N 4 O
QO M~
W+ O

253.4
393.6
12.6
c.2

HSEC

- e

QO &~ w
s a4 e
[~V I A ]
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AZIM

AZIM

AZIM

AZIM

A21H

AZIM

L}

60.

1z20.

180.

240.

390.




SATELLITE POSITION

LAT 40.00

LON 270.00

DATE AND TIME 03/21/87
SUNSPOT NUMBER IS 200.

HORZ ANG

-30.
-25.
-20,
-15.

HORZ ANG

-30.
-25,
-20.
-15.

HORZ ANG

-390,
-25.
-20.
-135.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANC

«390.
-23.
«28.
-13,

HORZ ANG

-30.
-5,
-29.
-15.

TEC

2
4

o wnwno
« » e e
- o0~

TEC

O OO N
+ w
[ I = - R V4

TEC

144.0
180.3
17.7
6.3

TEC

152.4
537.1
85.6
1.8

TEC

336.4
4353.3
50.2
0.5

ALT 1000. KM

1800 HRS

NSEC

DN
O N=
N9

NSEC

[ =2 = I~ V3
O O MM

NSEC

193.0
241.7
23.7
0.4

NSEC

204.2
719.7
114.7

2.5

NSEC
&5%0.8
60?2.?

2.5
0.6

KSEC

oOoOowo
L~ S I ]

104

AZIM

AZT™M

AZIM

AZIM

AZIM

AZIM

4

[

0.

60.

120.

180.

300.




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 06/21/87 0000 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
-30. 32.8 43.9
-25. 45.7 61.3
-20. 3.5 4.7
-15. 0.1 0.1
HORZ ANG TEC NSEC AZIM =  60.
-30. 3.7 “.9
<25, 0.7 1.0
-20. 0.1 0.1
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 120.
-30. %8.8 38.6
-25. 48.4 64.8
-20. 12.38 17.2
-15. ¢.5 0.6
HNRZ ANG TEC NSEC A2IM = 180,
-30. 114.2 153.0
‘25~ 139.5 13608
=20, 41.0 34.9 -
-15. 1.6 2.1
HORZ ANG TEC HSEC A2IN = 240.
~30. 145.1 194.4
-25. 187.4 251
-20. 1.0 54.9
-13. 1.2 1.6
HORZ ANG TEC NSEC AZIM = 300.
-33. 5.1 6.8
-23. 0.9 1.2
-20. 0.1 0.1
-15. 0.0 0.0
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SATELLITE POSITION

LAT 40.00

DATE AND TIME 06/21/87
SUNSPOT NUMBER IS 200.

HORZ ANG

-30.
-25.
-29.
-15.

HORZ ANG

-30.
-23.
-20.
~-15.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
<25,
-20.

-15.

- HORZ NG

<30,
«25.
~20.
«1%.

HORZ ANS

=30,
=25,
-20.

.-y
“doe

TEC

LON 270.00

0600

106

ALT 1000. KM

HRS

NSEC

= o W
O & O
«.

[ N S V]

NSEC

- n
oOWLvw
O & N

NSEC

167.5
125.3
7.7
0.2

AZIM

AZIM

AZIM

AZIM

AZIM

60.

120.

180.

240,

300.




SATELLITE POSITION

LAT 40.00

DATE AND TIME 06/21/87
SUNSPOT NUMBER IS 200.

HORZ ANG

-30.
-25.
=20,
-15.

HORZ ANG

-30.
=25.
-20.
-13.

HORZ ANG

-30.
-235.
-20.
-13.

HORZ ANG

-30.
-23.
-20.
-15.

HORZ ANG

~30.
-25.
-20.
=15.

HORZ AlG

-30.
‘25a
-200
=335,

TEC

50.1
64.3
20.3

0.7

TEC

[l ad

(= =V
s s .
[= RV B NIV ]

TEC

295.7
294.7
19.5
0.4

TEC

155.5
470.8
52.5
1.4

169.3
207.6
13.5
0.3

LON 270.00

1200

i07

ALT 1000. KM

HRS

NSEC

N o
-~ G~
L] L]
S NN =

NSEC

IS

QO o
OO W

NSEC

396.3
394.9
26.1
0.5

NSEC

208.3
630.9
7C.3
1.4

NSEC
226.9
278.2

158.1
0.4

NSECT

&) O
QOO
Q ~w N0

AZIM

AZIM

AZIM

AZIM

AZIM

0.

60.

120.

180.

240.

300.




SATELLITE PCSITION

LAT 40.00

DATE AND TIME 06/2./87
SUNSPOT NUMEER IS 200,

HORZ ANG

-30.
-25.
-20.
-15.

HORZ AKG

-30.
«25.
-20.
-15.

HORZ ANG

-30.
-23.
-20.
-13.

HORZ ANG

-30.
-235.
~29Q.

‘13-

HORZ ANG

.38,
-35.
.29,

-13.

TEC

LCN 270.00

108

ALT 1000. KM
1800 HRS

NSEC

51.0
66.5
10.2

0.3

220.5
2968.3
55.7
1.3

NSEC
153,

576.
170,

AZIM

AZIM

AZIH

AZIN

AZIN

]

L}

60.

120.

189.

396.




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 09/21/87 0000 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
-30. 23.1 30.9
-25. 70.0 93.7
-20. 3.8 5.1
-15. 0.1 0.1
HORZ ANG TEC NSEC AZIM =  60.
-30, 1.6 2.1
-25. 0.3 0.5
-20. 0.0 0.0
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 120,
-30. 23.1 31.0
-25. 32.9 44,0
-20. 3.8 5.1
-15. 0.1 0.1
HORZ ANG TEC NSEC AZIM = 180,
-30, 110.3 147.8
-25. 100.6 134.8
-20. 13.2 17.7
-15. 0.4 0.5
HORZ ANG TEC NSEC AZIM = 240.
-30. 117.0 156.8
.25, 113.9 152.6
-20. 11.6 15.5
-15. 0.3 0.3
HORZ ANG TEC NSEC AZIM = 300,
-30. 2.2 2.9
-25. 0.4 0.5
-20. 0.0 0.0
-15. 0.0 0.0
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SATELLITE POSITION

LAT 40.00 LON 270.0¢C ALT 1000, KM
DATE AND TIME 09/21/87 (€600 HRC
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
-30. 20.2 27.1
-25. 59.8 80.2
-20. 8.0 10.7
-15. 0.3 0.4
HORZ ANG TEC NSEC AZIM = 60.
-30. 30.3 40.6
-25, 7.1 9.6
-20. 0.2 0.2
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 120.
-30. 126.7 169.9
-25. 105.0 140.7
-20. 3.1 4.2
-15. 0.1 0.1
HORZ ANG TEC NSEC AZIM = 180.
-30. 144.6 193.7
-25. 115.7 155.0
-20, 5.0 6.7
-15. 0.1 0.2
HORZ ANG TEC NSEC AZIM = 240.
-30. 23.8 31.9
.25, 42.4 56.8
-20. 2.7 3.7
-15. 0.1 0.1
HORZ ANG TEC NSEC AZIM = 300.
-30. 1.5 2.0
-25. 0.3 0.4
-20, 0.0 0.0
-15. 0.0 0.9
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SATELLITE POSITION

LAT 40.00

DATE AND TIME 09/21/8&7
SUNSPOT NUMBER IS 200.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANe

-30.
-25.
-20.
-15.

HORZ ANG

-30.
=25,
=20,
-135.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-39,
-25.
-20.
-15.

TEC

TEC

333.2
423.1
16.5
0.2

TEC

o0 -
W N -4
O NN~

TEC

175.1
270.8
8.6
0.2

TEC

tas

fw
OO D
[= I ]

LON 270.00

1200

11

"ALT 1000. KM

HRS

NSEC

.

= Oy &~
[= P I = I
v .
nnouvo

NSEG

- e
. .
O s

NSEC

446.4
$66.9
19.4
0.3

NSEC

237.5
840.8
30.7
0.9

NSEC
234.6
362.9

11.6
0.2

NSEC

-~
oW
. e s .
O WO~

AZIM

AZIM

AZIM

AZIM

AZIN

AZ1M

]

60.

1240.

180.

240.

300.




SATELLITE POSITION

LAT 40,00

LON 270.00

DATE AND TIME 09/21/87
SUNSPOT NUMBER IS 200.

HORZ ANG

-30,
-25.
-20.
-15.

HORZ ANG

-30.
-25.
-20.
-5,

HORZ ANG

-30,
<25,
-20.
"15‘

HGRZ NG

-30.
=235,
-20.
-15.

HORZ ANG

-30.
=25,
=20,
-15.

YORZ ANG

-30,
-25.
«20.
-15.

TEC
19.
450
5
0

.

00 W o

TEC

O o oM
. . .
O O ;N

TEC

129.8
165.3
16.4
0.3

TEC

136.9
485.9
77.9
1.7

TEC
304.3
414.6

27.7
0.4

TEC

OO NwC
+ e s =
O N e

ALT 1000. KM

1800 HRS

NSEC

o N
O ~NOoO O
N oW

NSEC

OO O wWw
S OO

NSEC

173.9
221.5
21.9
0.4

NSEC

182.5
631.1
104.3

2.3

407 7
253.6
37.1

0.6

NSEC

&
L >l =]

o e
e e e .
O MM

112

AZIM

AZIM

AZIM

AZIM

AZIM

AZIM

[

[}

]

60.

180,

240,

300.




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 12/21/87 0000 HRS
SUNSPOT NUMBER IS 200.

R HORZ ANG TEC NSEC AZIM = 0.
'300 27-5 3609
-25. 104.4 139.9
° "200 400 504
-15, 0.1 0.1
HCRZ ANG TEC NSEC AZIM = 60,
“300 009 102
-250 002 002
-20. 0.0 0.9
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 120,
-30. 19.5 26.2
-25. 24.1 32.3
-20. 1.1 1.5
‘150 0.0 000
HORZ ANG TEC NSEC AZIM = 180,
-30. 130.7 175.1
<25, £7.9 117.8
-20. 4.8 6.4
-13. 0.1 0.1
HORZ ANG TEC NSEC ‘AZIM = 240,
-30. 100.4 134.5
-25. 73.6 98.6
‘20‘ 301 602
-15. 0.0 0.1
HORZ ANG TEC NSEC AZIM = 300,
) -30. 1.0 1.4
-25. 0.1 0.2
-20. 0.0 0.0
‘15¢ 0.0 0.0
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SATELLITE POSITION

LAT 40.00

LON 270.00

DATE AND TIME 12/21/87
SUNSPOT WUMBER IS 200.

HORZ ANG

-30.
-25.
-20,
-135.

HORZ ANG

-30.
-25.
-20.
-135.

HORZ ANG

-30.
-25,
-20.
-135.

HORZ ANG

-30.
=235,
-20.
-135.

HORZ ANG

-30.
-25.
-20.
-15.

HORZ ANG

-30.
-235.
-20,
-15.

TEC

.

1
63.

O W~
« .
DO W

TEC

oo nN &
. e e e
o O Wn >

TEC

123.0
91.6
1.2
0.0

TEC
180.3
99.9

200
0.0

TEC

[ ]
O W
[= 2" 2 N N

TEC

[= 2K~ = 3 =]
« s e .
O oNn

ALT 1000. KM

0600 HRS

114

NSEC

0 N
[ =2V, RV
« s e o
N =

NSEC

O O WO
» e s e
O WwWN

NSEC

TSr—
N o
L] -
oo

NSEC

241.6
133.8
2.7
0.0

NSEC

gl Y]

[~ 2 Y S~ -4
O e

NSEC

OO O
O ONO

AZIM

AZIM

AZIM

AZIM

A

?

I

43

o

60.

120.

180.

240.

300.




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 1000. KM
DATE AND TIME 12/21/87 1200 HRS
SUNSPOT NUMBER IS 200.

HORZ ANG TEC NSEC AZIM = 0.
* -30- 18-0 24.2
-25. 28.8 38.6
-20. 5.8 7.8
-15. 0.2 0.2
HORZ ANG TEC NSEC AZIM = 60.
-30. 17.3 23.2
-250 509 709
-20. 0.2 0.2
-15. 0.0 0.0
HORZ ANG TEC NSEC AZIM = 120.
-30. 383.8 514.3
-25. 642.9 861.4
-20. 10.5 14.0
"150 001 002
HORZ ANG TEC NSEC AZIM = 180.
-30. 228.3 306.0
-25. 1009.3 1352.5
-20. 29.8 46.0
-1,50 00“ 0-3
HORZ ANG TEC NSEC AZIM = 240,
-30. -180.1 2413
-25. 337.1 451.7
-20. 5.2 7.0
‘15. 001 0-1
. : HORZ ANG TEC NSEC AZIM =« 300.
~30. 14.7 19.7
. -25. 5.0 6.7
-20. 0.2 0.2
-15. 0.0 0.0

1S
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
o Yo e 3 de e e e e e e e e e o s e e ok o ok e e

SATELLITE: 40, 270. 100. KM ALT

DATE-TIME: 03/21/87 0000 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
AZIM ELEV DFLAY ANGLE DISTANCE
DEG DEG husne MRADS METERS
0. -5, 15.56 -0.012 ~0.119
0. 9.24 0.004 0.043
5. 4.50 -0.001 -0.007
10. 3006 '0.001 -00010
60. -5. 4.14 -0.008 -0.078
0. 4.69 -0.010 -0.102
5. 3.87 -0.004 ~-0.040
10. 2.97 -0.001 -0.015%
120. -5. 5.02 -0.007 -0.06¢
0. 4.94 -0.010 -0.097
5. 3.94 -0.004 <0.039
109 2099 "0000). "00016
1800 "s. 10;09 ’00006 '00039
0. 7.12 -0.007 -0.069
3. 4.73 -0.002 -0.024
10- 3‘28 "00001 -°~007
240. -5. 6.96 -0.004 «-0.044
0. 5.50 -0.009 «0.038
3, 4.10 «0.004 -0.938
10. 3.04 -0.001 -0.012
390. -5, 4.12 -0.008 -0.078
0. 4.58 -0.010 «0.102
S. 3.86 -0.004 -0.040
10. 2.96 -0.001 -0.014
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*
*

GPS TEST

FAST TRACE *

CHING-CHIU IONOSPHERIC MODEL  *
Sede e e de Je e e e o 3 e ke o e e A ok e e ek e e e

SATELLITE: 40. 270.
DATE-TIME: 03/21/87

FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER: 0.

AZIM ELEV DELAY

DEG DEG NSECS

0. -5, 21.53

0. 19.26

S. 11.43

10. 7.84

60. -5. 16.61

0. 17.29

S. 12.91

10. 9.41

120. -5. 18.15

0. 17.80

5. 13.12

10. 9,50

180. -5. 14.73

0. 14,08

3. 10.67

10. 7.94

240. -5, 7.41

0. 0.67

5. .37

10. 5.84

300. -5, 5.93

0. 8.08

5. 7.13

1¢. 5.73

17

100. KM ALT
0600 HOURS

ANGLE
MRADS

-0.033
-0.016
-0.002
-0.001

-0.034
-0.028
=0.005

0.001

-«0.033
-0.027
-0.003

0.001

-0.023
=0.025
-0.007
-0.001

-0.017
«0.023
-0.009
-0.004

«0.018
-0.024
-0.010
«0.00&

DISTANCE
METERS

-0.325
-0.163
-0.020
-0.011

~0.343
-0.275
-0.050

0.007

-0.325
-0.268
-0.046

0.009

-0.232
-0.25%
-0.071
-0.015

«0.172
-0.234
-0.09)
-0.037

-0.183
-0.242
-0.09?
-0.039
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
e e T T2 e T T

SATELLITE: 40. 270. 100. XM ALT

DATE-TIME: 03/21/87 1200 HOURS
FREQUENCY': 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERSR
0. -35. 32.22 -0.0%¢ -0.385
0. 36.88 -0.066 -0.664

5. 25.37 -0.005 -0.055

10. 18.60 0.003 0.030

60. -3, 25.14 =-0.094 -0.938
0. 32.16 -0.075 -0.753

5. 24.92 -0.009 -0.093

10. 18.78 90.003 0.031

120. . =3, 34.46 -0.088 -0.881
0. 35189 ‘0-070 ‘0-697

S. 26.49 -0.006 -0.061

10. 19.57 0.003 0.048

180, «3. 54.85 ~0.0727 -0.765
0. 63.11 -0.056 -0.558

. 28.75 0.000 0.001

190. 20.43 0.007 0.073

240. «3. 34.26 -0.091 «0.909
Q. 36.23 «0.070 -0.697

3. 26.66 «0.006 -0.058.

10. 12.64 0.005 0.050

300. 5. 25.14 -0.094 -0.938
0. 32.17 «0.075 «0.753

5. 26.92 -0.609 +0.092

10. 18.7¢ 0.003 0.031
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bl GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL ~
e L e e T ] T T e 2 2 T )

SATELLITE: 40. 270. 100. KM ALT

DATE-TIME: 03/21/87 1800 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -3. 19.29 -0.023 -0.331
e. 15.98 -0.015 -0.148
5. 10.40 -0.006 -0.061
10. 7.1 -0.002 -0.018
60. -5. 5.93 -0.018 -0.183
0. 8.08 -0.024 -0.242
3. 7.13 -0.010 -0.097
10. 5.74 -0.004 -0.039
120. -5. 10.49 -0.013 -0.134
G- 95‘7 -0.022 '0.219
3. 7.58 -0.009 -0.088
10- 5092 -0.00‘ ‘00035
180. -5. 38.45 =0.006 -0.061
0. 22.02 -0.011 -0.114
5. 12.77 -0.001 -0.012
10. 3.56 0.001 0.0035
240, «5. 26.29 -0,02) -G.227
0. 19.97 -0.022 -0.222
3. - 13.70 -0.00} «0.031
10. 9.70 0.001 0.014
300. 9 16.61 -0.034 -0.344
0. 17.29 -0.028 -0.278
5. 12.92 -0.005 -0.050
10. 9.42 0.001 0.007
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* GPS TEST FAST TRACE *

%  CHING-CHIU IONOSPHERIC MODEL ¥
etk e e e o o e e e dede e e dede de ok et e de ek e e e o

SATELLITE: 40. 270, 100. KM ALT

DATE-TIMC:  06/21/87 0600 ho.RS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 29.80 -0.060 -0.599
0. 28.80 -0.035 -0.348
5. 18.44 -0.003 -0.026
10. 12.98 0.091 0.009
60. -5. 21.16 -0.056 -0.565
0. 23.67 -0.045 -0.451
5. 17.95 -0.007 -0.073
10. 13.31 0.001 0.010
120. -5. 21.64 ~0.053 -0.533
0. 23.41 -0.045 -0.449
5. 17.74 -0.008 -0.077
10. 13.17 0.001 0.007
180. -S. 20.26 -0.048 -0.483
0. 21087 -00066 '0.656
5. 16.79 -0.909 -0.094
10. 12.59 «0.001 -0.006
240, .S. 12.07 -0.051 -0.510
0. 18.22 -0.051 -0.506
5. 15.24 -0.013 -0.125
10. 11.8% -0.002 -0.023
300. -S. 13.81 -0.051 «0.511
9. 19.01 -0.04¢ -0.493
5. 15.60 -0.012 -0.117
10. 12.03 -0.002 -0.018
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL *
e dede s e dede e e Ao e de e de e e e ok e ok ok o e ek e e

SATELLITE: 40. 270. 100. KM ALT

. DATE-TIME: 06/21/87 1200 HOURS
FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEC NSECS MRADS METERS
0. -5. 35,00 -0.112 -1.121
0. 42.45 -0.067 -0.668
S. 27.84 -0.002 -0.018
10. 20.08 0.005 0.051
60. -5. 27.68 -0.104 -1.045
0. 35.08 -0.080 -0.805
S. 26.87 -0.008 ~0.079
10. 20.15 0.005 0.047
120. -5. 34.89 -0.100 -0.996
. 37.79 -0.076 -0.754
5. 27.99 =0.006 -0.056
10. 20.71 0.006 0.059
180. -5. 52.50 -0.088 -0.881
0. 43.85 -0.064% ~0.642
3. 29.83 0.000 -0.005
10. 21.39 0.008 0.080
240. =5. 35.19 -0.10]1 -1.010
0. 38.24 =0.076 «~0.759
5. 28.17 -0.005 -0.052
10. 20.78 0.006 0.061
. 300. =5. 27.69 -0.204 -1.045
0. - 35.09 -0.080 -0.805
3. 26.87 -0.008 -0.079
. ' 10. 20.16 0.005 0.047
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL #
2 R R e A Tt A T Y P

SATELLITE: 40. 270, 100. KM ALT

DATE-TIME: 06/21/87 0000 HOURS
FREQUENCY: 1.0 GIGAHERTZ :
SUNSPOT NUMBER: 0.
AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -3. 14.24 -0.014 -0.139
0. 9.95 -0.0064 -0.037
S. 5.90 <0.002 -0.025
10. 4.19 -0.001 -6.011
69. -3. 5.84 -0.011 -0.3113
0. 6.52 -0.C14 -0.137
5. 3.30 -0.003 -0.0350
10. 4.04 -0.002 -0.016
129. -3. 6.60 -0.009 -0.095
G. 65.59 -0.013 -0.131
3. 5.25 -0.005 -0.031
19. .98 -0.002 -0.017
180. =3, 13.31 -0.006 -0.063
] 9.81 -0.009 -0.0%3
5. 6.37 «0.0903 =-0.030
19 $.40 -0.00) -0.008
246. -5, 9.98 -0.00é& -0.060
2. - T.64% -0.011 -0.114
3. 3.57 «0.00% -0.084
1G. «.99 -¢.001 ~-0.015
109, -5. 5.84 -9.0112 -0.113
6. 6.52 -0.014 «0.1%7
5. 5.3 -0.805 0,03l
0. .04 -0.902 -0.216




APPEMNDIX C
- PART 2 -
ALTITUDE:
SUNSPOT NUMBER:
LATITUDE:
LONGITUDE:

FREQUENCY:

123

100 km

200

40°H

270°E

1 GHz
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
Fedk e de de ok e ke ook ok e e oo e e e e e e e ok b

SATELLITE: 40. 270. 100. KM ALT
DATE-TIME: 03/21/87 0000 HOURS
FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER: 200.

AZIM ELEV DELAY ANGLE  DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 22.22 -0.015 . -0.150
0. 20.67 0.001 0.015
5. 9.77 0.019 0.186
10. 2.51 0.008 0.085
60. -5. 0.59 -0.004 -0.037
0. 0.73 -0.001 -0.013
5. 0.44 0.001 0.009
10. 0.30 0.001 0.007
120. - -5, 10.24 0.000 -0.001
B 0. 5.78 0.002 0.01%
5 2.98 0.003 0.027
10 1.63 0.002 0.018
180, - -5, . 37.6% . -0.003 0.030
‘ SR ¢ 22072 - 0.009 0.091
'S, 11.9¢ - .-0.010.  0.098
10. - 6.06  .0.006- - 0.064
© 260,00 -S.-. . 25,657 0W010 . - 0,10S
Q. 12.31 _0.008 . 0.077
5 - N1 0.006 . 0.987
10, . 2.64 2003 - 0.032.
308 -5, 0,58 U .0.00& <0.036 -
‘ 0. - 0,73 | «D.001  .0.013 . .
- 5. 0.4 L0.001 0 0,008
1, . 0.3 9.003. 0IpeT.
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
T A T T S T T T )

SATELLITE:  40. 270. 100. KM ALT
DATE-TIME: 03/21/87 0800 HOURS
FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER:  200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5, 26.03 -0.035 -0.354
0. 27.14 -0.015 -0.155
5. 16.75 0.018 0.183

10. 6.93 0.014 0.143

60. -3, 14.89 -0.036 -0.364
0. 13.31 -0.009 -0.092

S. 8.05 0.009 0.094

10. 5.22 0.008 0.080

120. -5. 30.65 -0.026 -0.261
0. 20.06 -0.003 -0.0235

5. 11.08 0.012 0.123

10. 6.73 0.009 0.095

180, -5, 34.56 -0.019 -0.192
0. 23.07 -0.004 -0.040

3, 12.83 0.010 0.104

10. 7.42 0.008 0.081

240. -3, 12.9 -0.012 -0.122
0. 8.72 '-0.008 -0.080

5. 5.11 0.003 0.027

10. j.a 0.003 0.027

300. -5, 1.50 -0.016 -0.158
0. 2.79 -0.011 =0.114

5. 2.08 0.000 0.004

10. 1.61 0.001 0.014
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  *
e e e e S e e e e e ok g o o dede o e o

SATELLITE: 40. 270. 100. KM ALT
DATE-TIME: 03/21/87 1200 HOURS
FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER: 200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 51.25 -0.167 -1.668
0. 66.98 -0.133 -1.330
5. 49.83 -0.002 -0.022
10. 32.60 0.014 0.140
60. -5. 37.99 -0.163 -1.627
0. 51.52 -0.127 -1.274
S. 40,21 -0.014% -0.140
10. 30.54 0.006 0.051
120, -5. 122.40 -0.125 -1.255
: 0. 88.91 -0.096 -0.957
5. 56.67 0.006 0.058
10. 38.63 0.017 . 0.170
180. -5. 242.66 -0.134 -1.336
0. 162.15 -0.055 -0.547

5. 91.13% 0.044 0.642 -

10. 54.22 0.039 0.393
240, -5, 104,29 -0.151 -1.513
- 0. 85.95 «G.105 -1.049
5. 57.58 0.004 0.044
10. ©39.48 8017 0.174
300. -5. 37.97 -0.163 -1.628
0. 51,53 -0.127 -1.275
5. 40.24 -0.914 -0.140

10. 30.57 0.006 0.061 )
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL *
Rkddedk kRN R RR N hdd ko ddh ek dkdddedidhdr

SATELLITE: 40. 270. 100. KM ALT
DATE-TIME: 03/21/87 1800 HOURS
FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER:  200.

AZIM ELEV DELAY ANGLE  DISTANCE
DEG DEG NSECS MRADS METERS

0. -S. 23.79 -0.036 -0.364

0. 25.11 -0.014 -0.139

5. 13.04 0.021 0.209

10. 4.90 0.011 0.106

60. -5. 1.51 -0.016 -0.158

0. 2.79 -0.011 -6.114

5. 2.08 0.000 0.004

10. 1.62 0.001 0.013

120. -5. 44,14 0.006 0.060

0. 21.44 0.004 0.038

5. 9.94 0.008 0.084

10. 5.21 0.00S 0.052

180, -S. 168.04 0.022 0.216

0. 108.88 0.052 0.520

5. 50.11 0.051 0.514

10. 22.70 0.030 0.299

240. -S. 106.11 0.016 0.1664

0. 52.50 0.027 0.273

S, 23.45 0.028 0.281

10. 11.74 0.017 0.166

) 300. -S. 14.93 .0.036 -0.364
0. 13.34 -0.009 -0.093

s. 8.08 0.009 0.094

. 10. 5.27 0.008 0.080
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL *
2223 22 T 2 I T 2 2 T I T AT T

SATELLITE: 40. 270. 100. KM ALT -
DATE-TIME: 06/21/87 0000 HOURS

FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER: 200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 15.66 -0.013 -0.133
0. 14.87 -0.001 -0.014
S. 7.93 0.013 0.125
10. 2.54 0.007 0.073
60. -5. 1.18 -0.006 «0.064
0. 1.38 -0.002 -0.023
5. 0.84 0.002 0.01s
10. 0.58 0.001 0.013
120. -5. 18.92 -0.002 -0.023
0. 11.97 0.002 0.017
S. 6.76 0.005 0.047
10. 3.9 0.003 0.034
180. -3 64.39 -0.004 -0.038
0. 44.21 0.010 0.102
3. 25.97 0.016 0.157
10 14.44 0.012 0.120
240, -3. 56.44 0.015 0.147
0. 29.39 0.Cla 0.143
5. 14.3) 0.012 0.120
10. 7.25 0.607 0.021
306. =5, 1.21 -0.006 -0.064
0. 1.40 -0.002 -0.023
3. 0.87 ¢.001 0.Q15 .
i0. 0.61 0.001 0.012
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b GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL *
e e T T T

SATELLITE:  40. 270. 100. KM ALT
DATE-TIME: 06/21/87 0600 HUURS
FREQUENCY: 1.0 GIGAHZRTZ

SUNSPOT NUMBER:  200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5, 40.22 -0.083 -0.826
0. 43.40 -0.046 ~0.464

3. 29.46 0.017 0.170

10. 16.31 0.019 0.195

60. -3. 27.26 -0.079 -0.787
0. 27.71 -0.040 -0.400

3. 18.63 0.008 0.082

10. 12.97 0.011 0.111

120. «3. 38.97 -0.067 «0.674
0. 32.37 -0.037 -0.366

3. 20.74 0.009 0.089

10. 14.04 0.011 0.111

180. -3. 42.07 -0.064 -0.643
0. 36.19 -0.039 -0.388

3. 23.52 0.007 0.071

10. 15.3% 0.010 0.103

240, -5. 19,47 -0,060 -0.601
0. 21.56 =0.046 -0.461

3. 15.56 -0.001 -0.008

10. 11.28 0.005 0.049

3G0. -3. 9.4) -0.066 ~0.661
0. 16.12 «0.048 -0.48]

5. 12.65 «0.002 -0.017

10. 9.74 0.004 0.044
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL *
WA L2222 22T LT 2 T T T e T )

SATELLITE:  40. 270. 100. KM ALT
DATE-TIME: 06/21/87 1200 HOURS
FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER: 200,

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 74.36 -0.205 -2.053
0. 91.88 -0.167 -1.668

5. 68.92 -0.006 -0.061

10. 44.68 0.019 0.188

60. -5. 51.38 -0.197 -1.968
0. 67.04 -0.160 -1.597

5. 52.43 -0.022 -0.219

lo. s Nl 0.005 0.0351

120. -5. - 111.02 ~0.170° -1.702
0. 93.32 -0.138 -1.380

5. 63.91 ~0.009 -G.087

10. 45.29 0.012 0.123

180. -3, 207.17 -0.169 -1.688
Q. 150.88 -0.106 -1.064

3. 91.35 0.019 0.195

10. 57.80 0.029 0.287

240. -5. 102.6) -0.185 -1.85%5%
0. 93.990 -0.142 =1.434

5. 65.42 «0.009 -0.086

10. 46.29 0.01) 0.130

300. -J. 51.38 -0.197 «1.968
0. 67.0¢ -0.160 -1.597

3. 52.45 «¢.022 -0.219

10. 39.73 0.003% 0.0%1 N
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*
*

GPS TEST

FAST TRACE *

CHING-CHIU IONOSPHERIC MODEL *
L e A R T 2 e 22

SATELLITE:
. DATE-TIME:
FREQUENCY:
SUNSPOT NUMBER:  200.

AZIM
DEG

0.

60.

120.

180.

240,

* 300.

ELEV
DEG

-5.

S.
10.

40, 270.
06/21/87
1.0 GIGAHERTZ

DELAY
NSECS

37.94
41.36
25.95
14.03

9.47
16.13
12.66

9.75

69.30
42.75
23.86
14.72

200.98
126.97
66.62
34.56

102.07
61.14
jz2.8)
19.30

27.26
27.713
18.65
13.01

L]

100. KM ALT
1800 HOURS

ANGLE
MRADS

-0.083
-0.045
0.020
0.016

-0.066
-0.048
-0.002

0.004

-0.03s
-0.028
0.008
0.009

-0.037
0.009
0.046
0.033

=0.040
-0.014
0.022
0.017

<0.079
-0.040
0.008
G.011

DISTANCE
METERS

-0.834
-0.455
0.199
0.164

-0.660
-0.481
-0.017

0.044

-0.350
-0.283
0.084
0.090

-0.367
0.086
0.461
0.333

-0.399
-0.144
0.216
0.174

-0.787
«0.401
0.082
0.110
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL. *
T e T e e I T Y

SATELLITE: 40. 270. 200, KM ALT
DATE-TIME: 09/21/87 0000 HOURS
FREQUENCY: 1.0 CIGAHERTZ

SUNSPOT NUMBER:  200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. «3. 22.31 -0.015 -0.151
0. 20.74 0.002 0.036

5. 8.76 0.019 0.187

10. 2.49 0.008 0.084

60. -5. 0.58 -0.004 -0.036
0. 0.72 -0.0061 -0.013

3. 0.43 0.001 0.009

10. 0.30 0.001 0.007

120. -5. 9.52 0.000 -0.004
0. 5.43 0.001 0.013

s. 2.82 0.003 0.026

10. 1.55 0.002 0.017

180. -5, 34.46 0.002 0.022
0. 22.93 0.008 0.081

S. 11.03 0.009 0.090

10. 5.64 0.006 0.060

240. -3. 25.10 0.009 0.09)
0. 11.74 0.007 0.070

5. 5.28 0.005 0.09%3

10. 2.55 0.003 9.031

300. -5. 0.59 -0.00% -2.037
0. 0.73 -0.001 -0.013

5. G.a3 g.00: 0.009

0. 0.31 0.001 ¢.o00?

13
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL *
LA 22 LTI IS 22 22T R A T e

SATELLITE: 40. 270. 100. KM ALT
- DATE-TIME: 09/21/87 0600 HOURS

FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER:  200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 25.15 -0.032 -0.318
0. 26.07 -0.013 -0.133
5. 15.97 0.018 0.181
10. 6.36 0.014 0.138
60. -5. 14.74 -0.036 -0.357
0. 13.13 -0.009 -0.086
S. 7.92 0.010 0.096
0. 5.12 0.008 0.080
120. -3, 29.46 -0.026 -0.262
0. 19.48 -0.003 -0.033
3. 10.78 0.012 0.123
10. 6.55 0.009 0.0%4
180. -3, 31.36 -0.017 -0.166
0. 20.83 -0.003 «0.027
3. 11.53 0.010 0.097
10. 6.63 0.007 0.075
240. «S. 11.6) -0.012 -0.121
0. 8.2) -0.008 -0.078
5. .85 0.003 0.028
10. 3.06 0.003 0.028
’ 300. -5. 1.47 -0.01% -0.183
0. 2.4 -0.011 -0.10%
5. £.03 0.001 0.008
. 16. 1.57 €.002 0.015
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL *
222 2212222 2T TR Ay A e A 22 2 T

SATELLITE: 40. 270. 100. KM ALT
DATE-TIME: 09/21/87 1200 HOURS
FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER:  200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 31.00 -0.166 -1.663
0. 66.69 -0.132 ~1.325

5. 49.58 -0.002 -0.020

10. 32.43 0.014 0.140

37.81 -0.162 -1.623

51.32 -0.127 -1.270

40.05 «0.014 -0.139

30.41 0.006 0.062

117.62 -0.129 -1.287

87.07 -0.097 -0.971

55.89 0.005 0.051

38.23 0.01? 0.167

227.03 -0.139 -1.387

1564.62 -0.060 -0.604

87.98 0.041 0.405

52.84 0.038 0.375

1006.02 <0.153 -1.529

84.89 ~0.106 -1.060

56.61 0.004 0.037

)8.98 0.017 e.170

37.79 -0.162 - -1.62)

51.32 -0.127 -1.279

40.07 -0.014 ~0.139

30.44 0.006 0.061
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL *
T T I e e T T

SATELLITE: 40. 270. 100. KM ALT
DATE-TIME: 09/21/87 1800 HOURS
FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER:  200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -5. 22.92 -0.033 -0.328
0. 24.04 -0.012 -0.117
3. 12.25 0.021 0.207
10. 4.34 0.010 0.101
63. -3. 1.49 -0.015 -0.152
0. 2.74 -0.011 -0.109
5. 2.04 0.001 0.006
1C. 1.57 " 0.002 0.015
120. -3. 41.0% 0.003 0.046
0. 20.18 0.003 0.032
S. 9.43 0.008 0.082
10. 4.97 0.003 0.032
180. -3, 180.51 0.019 0.19)
0. 99.23 0.048 €.400
5. 46.0% 0.047 0.473
10. 20.83 9.028 0.276

240. 5. 101.66 ¢.012 0.223 -
0. 49.5) 0.025 0.250
5 22.30 0.027 0.269
10. 11.23 0.016 0.160
300. -5. 16.76 -0.036 -G.35?
0. 13.16 <0.009 -0.9087
5. 7.98 .10 0.083
10. 5.16 0.008 ¢.o080
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* GPS TEST FAST TRACE *
*  CHING-CHIU IONOSPHERIC MODEL *

(2442222082 2822222 2222222222222

SATELLITE: 40. 270. 100. KM ALT
DATE-TIME: 12/21/87 0000 HOURS
FREQUENCY: 1.0 GIGAHERTZ

SUNSPOT NUMBER:  200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -3, 32.75 -0.020 ~0.204
0. 28.94 0.008 0.079

5. 11.55 0.028 0.276

10. 2.41 0.009 0.094%

60. -5. 0.39 -0.003 -0.027
0. 0.51 -0.001 -0.010

5. 0.31 0.001 0.006

10. 0.2 0.001 0.005

120. -3. 5.02 0.000 -0.002
Q. 2.62 0.001 0.006

3. 1.26 £.002 0.015

10. 0.67 0.9%01 0.010

180. «3. 2l1.26 0.003 0.048
Q. 11.14 0.007 6.065

5. 5.14 0.006 G.05?

10

. .39 0.00) 0.032
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODFL ¥
S sk ek Rk ek ek ek e e de ek o

. SATELLITE: 40. 270. 100. KM ALT
DATE-TIME: 12/21/87 0600 HOURS
FREQUENCY': 1.0 GIGAHERTZ
SUNSPOT NUMBER: 200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRAL3 METERS
G. -5. 22.50 -0.018 -0.181
0. 22.36 -0.004 -0.043

s, 12.18 0.019 0.188

lv. 3.61 0.011 0.108

60. «5. 2.19 -0.007 -0.073
0. 2.03 -0.003 -0.025

5. 1.20 0.002 0.020

10. 0.80 0.002 0.017

120. -3, 15.40 0.006 0.062
0. 6.71 0.003 0.031

5. 3.1 0.004 0.043

10. 1.71 0.003 0.028

186. -5. 21.38 -0.002 -0.017
0. 12.03 <.C04 0.743

S. 5.91 0.007 0.088

10. 3.07 0.004 0.043

240, -5, 7.06 -0.003 -0.048
0. 4.50 -0.002 -0.016

S. 2.44 0.003 0.026

10. 1.45 ¢.002 0.920

300. -3, 0.78 . =0.007 -0.071
0. 1.31 -0.004 -0.038

. S. 0.88 ¢.001 0.011
10. 0.63 0.001 0.012
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*
*

GPS TEST

FAST TRACE
CHING-CHIU IONOSPHERIC MODEL

*
*

e s e o e e e e s v oo e e s 92 ok e ¢ e e e e e sk e e e ok e e ok o de ok b

SATELLITE:
DATE-TIME:
FREQUENCY:

SUNSPOT NUMBER:

AZIM
DEG

ELEV
DEG

0. -3,

0.
5 - ’
10,

60,

+20.

189.

10.

260- “So

300 .

40. 270.
12/21/87
1,0 GIGAHERTZ
200.

DELAY
NSECS

28.35
39.79
28.55
18.34

21.22
30.71
23.66
17.98

127.54 -
. 76.85
43.32
27.68

277.62
165.58
83.41
43.10

946.13
65.76
42.80
27.90

21.16
30.69
23.67
18.01
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100. KM ALT
1200 HOURS

ANGLE
MRADS

-0.112
-0.084
0.005
0.011

-0.110

~ .0.080

-0.00G46
0.007

-0.059

<0.037
0.022
0.021

-0.073
0.020
0.023
0.049

-0.099
-0.054
0.018
0.020

-0.111
-0,980
-0.004

0.007

DISTANCE
METERS

-1.118
-0.841
0.050
0.108

-1.105
-0.801
-0.035

0.071

-0.590
-<0.370
0.217
9.206

-0.728
0.199
0.725
0.486

-0.991
-0.537
0.175
0.199

-1.106
-0.801
~-0.036

0.07¢
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* GPS TEST FAST TRACE *

*  CHING-CHIU IONOSPHERIC MODEL  »
T T T e ST T A A 22 2

SATELLITEs 40. 270. 100. KM ALT
. DATE-TIME: 12/21/87 1800 HOURS
' FREQUENCY: 1.0 GIGAHERTZ
SUNSPOT NUMBER: 200.

AZIM ELEV DELAY ANGLE DISTANCE
DEG DEG NSECS MRADS METERS
0. -3. 20.33 -0.019 -0.194
0. 20.29 -0.002 -0.016

3. 8.28 0.020 0.204

10. 1.90 0.007 0.067

60. «5. 6.78 -0.007 -0.071
0. 1.31 -0.064 -0.038

S. 0.88 0.001 0.011

10. 0.64 0.001 0.012

120. -5. 20.43 0.005 0.046
0. 9.42 0.004 0.036

3. 4.23 0.005 0.048

10. 2.19 0.003 0.030

180. -3, 132.39 0.036 0.360
0. 64.91 0.048 0.476

5. 26.64 0.035 0.343

10. 10.90 0.018 0.176

240, =5, 83.05 0.054 0.537
0. 1.1 0.032 0.324

5. 11.34 0.017 0.173

10. 4.7 0.008 ¢.080

N 300. -5, 2.22 -0.007 -0.075
0. 2.06 «0.003 -0.026

3. 1.23 0.002 0.020

. 10. 0.84 0.002 0.016
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SATELLITE POSITION
LAT 40.00

DATE AND TIME 06/21/87
SUNSPOT NUMBER IS g.

HORZ ANG TEC

-5, 10.6

0. 7.6

5. 4.4

10. 3.1
HORZ ANG TEC

-5. 4.4

00 5-9

S. 4.0

i0. 3.0
HORZ ANG TEC

-5. 4.9

0. 4.9

5. 3.9

10. 3.0
HORZ ANG TEC

-S. 9.9

0. 7.2

S. 4.8

10. 1.3
HORZ ANG TEC

-5, 7.4

0. 5.7

S. “.2

10. 3.1
HORZ ANG TEC

=5. . b

0. 4.9

S. 4.9

10. .0

LON 270.00

0000

140

ALT 100. XM
HRS
NSEC AZIM
14.2
10.0
5.9
4,2
NSEC AZIM
5.8
6.5
5.3
4.0
NSEC AZIM
6.6
6.6
5.3
4.0
NSEC AZIM
13.3
9.6
6.4
e
NSEC AlM
10.0
1.6
5.6
4.1
NSEC AZIM
$.8
5.5
5.3
“.0

60.

120.

180.

2=0.

300.



SATELLITE POSITION

LAT 40.CO LON 270.00 ALT 100. KM
DATE AND TIME 06/21/87 0600 HRS
SUNSPOT NUMBER IS 0.

HORZ ANG TEC NSEC AZIM = 0.

'50 2203 2908

0. 21.5 28.8

5. 13.8 18.5

10. 9.7 13.0
HORZ ANG TEC NSEC AZIM = 60.

5. 15.8 21.2

0. 17.7 23.7

5. 13.4 18.0

10. 10.0 13.3
HORZ ANG TEC NSEC AZIM = 120.

-5. 16.2 21.7

0. 17.5 23.4

5. 13.3 17.8

10. 9.8 13.2
HORZ ANG TEC NSEC A2IM = 180,

-5. 15.1 20.3

0. 16.3 21.9

5. 12.6 16.8

10. 9.4 12.6
HORZ ANG TEC NSEC AZIM »  260.

.5. 9.0 12.1

0. 13.6 18.2

5. 1.4 15.3

10. 8.9 11.9
HORZ ANG = TEC HSEC  A2IM = 300.

-5. 10.3 13.8

0. 14.2 19.0

5. 1.7 15.6

10. 9.0 12.1
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SATELLITE POSITION
LAT 40.00

DCATE AND TIME 06/21/87
SUNSPOT NUMBER IS 0.

HORZ ANG TEC

-5, 29.2

0. 31.7

5. 20.8

10. 15.0
HORZ ANG TEC

-5. 20.7

0. 26.2

5. 20.1

10. 15.1
HORZ ANG TEC

-3. 23.9

Q. 28.2

5. 20.9

10. 15.5

HORZ ANG TEC

=35. 39.2

0. 3z.8

3. 2.2

10. 16.0
HORZ ANG TES

-5, 26.3

2. 28.6

3. 21.2

10. i3.%
HORZ AN TEC

-5. 2e.7?

G. 26.2

5. 20.2

10. 3.1

LON 270.00

1200

142

ALT 100. KM

HRS

NSEC

39.1
42.5
27.9
20.1

NSEC

RN WM
[ 2N BV BV
LS B I N ]

NSEC

34.7
37.8
28.1
20.8

.,..
™ ts W I

NSEC

2 02 Ve RS

(= I - SN V.SV
SO e

AZIM

AZIM

AZIM

AZIM

AlM

60.

120.

180.




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 06/21/87 1800 HRS
SUNSPOT NUMBER IS 0.

. HCRZ ANG TEC NSEC A7IM = 0.

-5. 20.6 27.6

) 0. 19.1 25.5

5. 13.0 17.4

10. 9.6 12.9
HORZ ANG TEC NSEC AZIY =  60.

-5. 10.3 13.8

0. 14.2 T 19.0

S. 11.7 15.6

10. 9. 12.:
HORZ ANG TEC NSEC AZIM = 120.

-5. 12.2 16.4

0. 14.4 19.3

S. 11.5 15.6

10. 8.9 12.0
HORZ ANG TEC NSEC ~ AZIM = 180.

-S. 33.2 44,5

0. 22.6 30.3

S. 14.3 19.1

10 %.9 13.3
HORZ A&ANG TEC NSEC AZIM a  240.

-S. 21.% 28.9

0. 15.0 25.&

S. 1).? 18.3

10. 13.9 3.
HOR2 ANG TEC NSEC A2IM = 300.

[ 4

«5. 15.8 1.2

¢. 17.? 2.7

S. 1d.e 18.0

10. :0.0 13.)




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 09/21/87 0000 HRS
SUNSPOT NUMBER IS g.

{ORZ ANG TEC NSEC AZIM = c.

-S. 11.6 15.6

0. 6.9 9.2

3. 3.3 4.5

10. 2.3 3.1
HORZ ANG TEC NSEC AZIM = 60.

-3. 3.1 4.1

0. 3.5 4.7

S 2.9 3.9

10. 2.2 3.0
HORZ ANG TEC NSEC AZIM = 120.

-5, 3.6 4.8

0. 3.6 4.8

5. 2.9 1.9

10. 2.2 3.0
HORZ ANG TEC NSEC A2IM = 180.

-3, 6.7 9.0

0. 5.9 6.6

5. 3.4 4.5

i0. 2.4 3.2
HORZ aNG SEC HSEC Al = 240,

=5, .3 8.4

0. “«.0 3.)

3, 3.0 .1

1¢C. 2.3 3.8
HORZ ANS SEC N3EC AZIM = 30C.

=%, 3.0 $.2

T. 3.3 «.7

3. .9 L)

10. .2 3.2
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SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 09/21/87 0600 HRS
SUNSPOT NUMBER 1S 0.

HORZ ANG TEC NSEC AZIM = 0.

-5. 15.4 20.7

0. 13.6 18.3

. S. 8.0 10.7

10. 5.4 7.3
HORZ ANG TEC NSEC AZIM = 60.

-5. 12.4 16.6

0. 12.8 17.2

5. 9.6 12.8

10. 7'0 9-6
HORZ2 ANG TEC NSEC AZIM = 120.

-5 13.3 17.8

0 13.2 17.6

5. 9.7 13.0

10. 7.0 9.4
HORZ ANG TEC NSEC AZIM = 180.

.50 9-9 l:-]

0. 9.7 12.9

S. 7.4 9.9

10. 5.5 7.4
HORZ ANG TEC NSEC AZIM = 240,

-$ $.) 7.1

g. 6.4 8.5

S. 5.4 1.}

10. .) 5.8




SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. KM
DATE AND TIME 09/21/87 1200 HRS
SUNSPOT NUMBER IS 0.

HORZ ANG TEC NSEC AZIM = 0.

-3. 24.0 32.2

0. 27.5 36.8

5. 18.9 25.4

10. 13.9 . 18.6
HORZ ANG TEC NSEC AZIM = 60.

-5. 18.8 25.2

0. 24.0 32.2

5. 18.6 24.9

19. 14.0 18.8
HORZ ANG TEC NSEC AZIM = 120.

-5. 24.8 333

g. 26.5 35.6

S. 9.7 26.4%

10. 16.6 19.5
HORZ ANG TEC NSEC AZIM = 130

-35. 3?) 50.0

Q. 0.2 1.6

5. .1 28.3

1a. 3.1 0.3
HIRI AND TES N3EC ALl = 2u].

-$ 24.7 3}.1

g 6.7 35.8

5 9.8 26.5

id i1e.6 9.5
HORZ ANG TEC N3SEC AZiM = 122,

-5, i8.8 25.2

0 2w.0 32.2

5. 18.¢ 24.9

10. 1..0 8.3
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SATELLITE POSITION

LAT 40.00 LON 270.00
DATE AND TIME 09/21/87 1800
SUNSPOT NUMBER IS 0.

HORZ ANG TEC

-5, 13.8

0. 11.2

5. 7.2

10. 5.3
HORZ ANG TEC

-S. 4.4

0. 6.0

S. 5.3

10. 4.3
HORZ ANG TEC

-5. 7.2

0. 6.8

S. 5.8

10. I
HORZ ANG T=C

-5 24.1

0. l1a.8

S. 8.7

10. 5.9
HORZ ANG TEC

-3 18.2

0. 1.5

S. 10.1

10. 7.2
HOR2 ANG TEL

-5, 2.4

0. 12.8

5. 9.6

i, 7.%
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ALT 100. KM

HRS

NSEC

—
~N O Wnh o
. e e e
N O W

NSEC

Ww v oo W
* e e o
~N -~ O W

NSEC

WM~ O O
PR
o wm N~

NSEC

J2.3
19.4
11.6

1.9

NSEC

- IS
O W O &
e e e
N

NSEC

6.6
17.2
12.8

g.4%

AZIM

AZIM

AZIM

AZIM

Al

AZTM

*

60.

120.

180.

240.

358,



SATELLITE POSITION

LAT 40.00 LON 270.00 ALT 100. Kd
DATE AND TIME 12/21/87 0000 HRS
SUNSPOT NUMBER IS 0.

HORZ ANG TEC NSEC AlIM = 9.

-5. 14.6 16.6

0. 7.6 10.1

5. 3.¢ 4.0

10. 1.2 2.6
HORZ ANG TEC NSEC AZIM = 60.

-5. 2.5 3.4

0. 2.9 3.9

S. 2.4 3.3

10. 1.9 2.5
HORZ ANG T=C NSEC AlIM = 120.

-S. 3.l 4.1

0. 1.1 4.2

S. 2.5 1.4

10. 1.9 2.6
HORZ ANG TEC NSEC AZIM = 180,

-5, 5.9 7.8

0. 8.2 .7

S. 2.3 .9

10. 2.0 2.7
HORZI ANG TEL - NSEQ ALM = 250,

5. 3.8 $..

Q. 3.5 a.%

s. 2.8 3.4

10. 1.9 2.6
HORZ ANG TEL NSEC TRIM s 333,

-5, <. $ Yoo

o] 2.9 3.

S. 2.« 3.1

8. -9 s.$
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SATELLITE POSITION
LAT 40.00 LON 270.00

DATE AND TIME 12/21/87
SUNSPOT NUMBER IS 0.

HORZ ANG TEC

-5. 12.2
0. 9.9
S. 5.0

10. 3.2

HORZ ANG TEC

-5. 5.7

0. 5.8

S. 4.5

10. 3.4
HOR2 ANG TEC

-5, 8.5

0. 6.6

S. 4.3

10. 3.5
HORZ ANG TEC

-5. 7.1

C. 6.2

$. “.6

16. 3.4
HORZ ANG TEC

-S. 4.}

0. 4.8

S, .2

10. 3.3

HORZ ANG TEC

0600

ALT 100. KM
HRS
NSEC AZIM
16.4
13.2
6.7
4.3
NSEC AZIM
7.6
7.7
6.0
6.5
NSEC AZIM
11.3
8.8
6.4
4.7
NSEC AZIM
9.5
8.3
6‘_2
.6
NSEC AlIM
5.8
é.&
5.3
a1

AZid

60.

120.

300,




SATELLITE POSITION

LAT 40.00 LON 270.00
DATE AND TIME 12/21/87
SUNSPOT NUMBER IS c.

HORZ ANG TEC

-5. 7.
Q. 2.
5. 15.

10. 1.

w

w o,

HORZ ANG TES

-5. 13.
0. L9.
S. 23

6. 22,

.
QO B Qo

HORI ANS pgAs

2 4 i T
o va A

Ww w2 W

b+ 14
[ ]
o
4
»
¢

<
)
"
(3]

¢

-
[ < I VAR &)
A P e LA

PYPEEES

irae s - on
s:\”' ANy QE\.

€1 WA £33 WA
PR
-
i v oD

we

HOR? ANG TE

1200

ALT 100. M

HRS

=
v
™M
(g}

CR S I ST N ]
W O W
~N QO O v

NSEC

[ S
[ A Y]
. e e .

[+ V]

'
P T

383
5.8
3.2
NSET

3z
i~
<32
NG A

AZM

ALM

AITM

.~
“ﬂ

.
AouM

»e
(]
(&)



SATELLITE POSITION

LAT 44.00 LON 270.00 ALT 100. KM
DATE AND TIME 12/21/87 1800 HRS
SUNSPOT NUMBER 1S 0.

HORZ ANG TEC NSEC AZIM = 0.
R -5. 10.5 14.1
0. 7.4 9.9
5. 4.3 5.7
10. 3.1 4.2
HORZ ANG TEC NSEC AZIM = 60,
-5. 3.4 4.5
0. 4.3 5.8
5. 3.8 5.1
.0. 3.0 4.0
HORZ ANG TEC NSEC AZIM = 120.
-5. 5.5 7.4
0. 5.1 6.8
S. 6.1 5.4
10. 3.1 4.2
HORZ ANG TEC NSEC AIIM = 180.
-5, ¢d.3 27.1
0. 10.2 13.7
3. 5.6 7.5
10. 3.7 4.9
HORZ ANG TEC NSEC AIIM = 240,
-5. 13.8 18.2
0. 7.8 10.4
S. 5.1 5.8
v 10 1.8 ..8
N HCRZ ANG TEC NSEC AZIM = 309.
"5- 5.7 7.6
Q. 5.8 1.7
5. “ 5 6.1
10. kA L.
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